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ABSTRACT

This report includes the significant findings of CETO Program 37, related to the

distribution, characteristics, and biological availability of fallout debris originating

from the Plumbbob Test Series (1957) at the Nevada Test Site.

The use of aerial radiometric survey was adapted to routine radiation surveys and

greatly increased the detail, accuracy and distance of fallout pattern delineation. Isodose

rate and time-of-arrival contour maps are presented for seven tower mounted and four
balloon mounted shots along with the predominant particle size fraction on several arcs

along each fallout pattern.

Particles less than 44 microns in diameter contained about 30 percent of the fall-

out radioactivity from tower mounted detonations as compared to about 70 percent from

balloon mounted detonations within distances at which fallout arrived by H + 12 hours.
Balloon mounted detonations produced fallout debris of higher water and acid solubility

than did tower mounted detonations.

The percentage of Sr89, 90 and Ru103, 106 was higher in fallout particles less

than 44 microns in diameter than in larger fallout particles. There was a higher percent-

age of these radLoelements in fallout debris from balloon detonations than from tower
detonations. The amounts of water-soluble Ba140 and Sr89, 90 deposited by a balloon

L •mounted and a tower mounted detonation of similar yield and height of burst were esti-

mated to be similar despite relatively large differences in the total amounts of these
radioisotopes deposited. Within distances at which fallout occurred by H + 12 hours,

balloon mounted detonations deposited a maximum of 0. 13 percent of the theoretical total

of Sr 8 9 produced while tower mounted detonations deposited a maximum of 2 percent.
Tower mounted detonations deposited a maximum of 7. 2 percent of the theoretical total

amount of Sr90 produced.

Decay of beta radiation approximated the T- 2 decay expression from H + 12 to
H + 6000 hours; decay of gamma radiation deviated to the extent that doses calculated by

the observed decay values were 1. 8 to 2 times greater than those calculated by the T- 2

relationship. There were also significant differences in the gamma energy spectrum

with time after detonation.

In the environment, fallout radioactivity was apparently confined to the upper 2

inches of soil unless the soil was mechanically distributed. The majority of the fallout

debris which was redistributed by environmental factors on the soil surface after original

5.



deposition consisted of less than 44 micron diameter particles; this size particle also

represented the predominant contamination on forage plants. Strontium9 0 surface soil2

contamination levels in Nevada and Utah in August 1958, ranged from 32 to 142 mc/mi
( 2 .

in virgin areas near known fallout pattern midlines and from 7. 5 to 28 mic/mi in agri-

cultural areas which did not necessarily coincide with fallout pattern midlines.

133 131
During this Test Series Operation, the level of uptake of I and I by native

animals was a function of distance from ground zero. Ba40 Rul 0 3 , 106 and Sr 8 9 ' 90

were major bone contaminants. Post-series sampling of native animals indicated that

the level of uptake of Sr89 was also a function of distance; however, uptake levels of Sr 9 0

correlated poorly with total soil contamination. Milk samples collected from Nevada and

Utah farms before, during, and after the Plumbbob Test Series showed that strontium

levels increased in milk immediately following contamination of the farm with fallout

debris and then decreased with time.

Studies clearly indicated that accumulation of radionuclides by mammals cannot

be assessed only on the basis of dose rate measurements of the gamma radiation field.

Radionuclides from radioactive fallout debris are assimilated by animals with the maxi-

mum degree of accumulation occurring not necessarily near ground zero. Furthermore,

within a distance of 10 to 400 miles from the Nevada Test Site, the plant foliage is a

selective collector of small size fallout particles within thb less than 44 micron fraction

and is the primary source of radionuclides to foraging animals. No significant accumula-

tion of radionuclides through the root system of plants has been observed in this area

during the sampling periods following fallout deposition. Biological availability of fall-

out debris is strongly influenced by the distribution of fallout contamination and by the

physical and chemical nature of the fallout material and its interaction with climatic,

biotic, and edaphic factors.

The data suggest that the higher levels of Sr in the indigenous animals are

associated with animals that were living in the early sequence of contamination, i. e.,

during and immediately after fallout, rather than with animals that were born later and

merely lived in the contaminated environment.

6
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CHAPTER 1

INTRODUCTION

The assessment of biological hazards resulting from radioactive fallout pro-

duced by detonations of nuclear de-vices presents a problem that may be arbitrarily

but incompletely divided into two phases. One phase is concerned with the acute or

immediate hazards arising primarily from sources of radiation external to the biota

and secondarily from the biotic accumulation of certain radionuclides classified as

internal emitters. The other phase involves the chronic or long term hazards arising

primarily from irradiation by internal emitters and secondarily from external radiation.

These phases may be related to distance from ground zero or the time of deposition of

fallout in the biosphere. Although the duration or effect of each phase is indefinite or

incompletely known, such a division provides a focus of attention for a convenient ex-

perimental and observational approach to the assessment problem.

The assessment and analysis of biological hazard problems involves an

identification and definition of those physical, chemical, radiological and biological

parameters which jointly comprise the fallout phenomenon. A determination of the

manner in which such paramecers are influenced by inherent variations in nuclear

detonations such as yield, height, and type of test device support, would provide the

information essential to the construction of a fallout model system based upon clearer

understanding of fallout mechanics. Such a model could then be used to predict fallout

patterns, allowing for an adequate interpretation of the significance of (a) time of

arrival of fallout debris, (b) radiation-intensity levels, and (c) particle characteris-

tics, per se, on the several biological systems acutely and/or chronically exposed

within a given fallout pattern.

During Operation Plumbbob, an assessment program was designed Lo study

three groups of problems in more detail and to greater distances from ground zero

than had been studied during the previouo continental test series. These problems

were classified as follows: (1) the delineation and characterization of fallout patterns;

(2) the radiological, physical, and chemical properties of fallout debris within these

patterns; and (3) the evaluation of biological availability and accumulation or radio-

nuclides associated with fallout debris in the biota within thes,3 patterns.

During the planning phase of Program 37, numerous discussions and reviews

were held with representatives from the Los Alamos Scientific Laboratory (LASL),
Lawrence Radiation Laboratory (LRL), Fallout Prediction lUnit (FOPU) of the Test

Manager's Organization, Division of Biology and Medicine (DBM) of the USAEC, and

this Laboratory of Nuclear Medicine and Radiation Biology (NMRB), formerly the

Atomic Energy Project of the University of California at Los Angeles (AEP/UCLA).
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So far as was possible, the scope and objectives of this program included

studies of common interest. Several objectives which were included resulted from
uncertainties in measurements made during earlier test series. The objectives and
project designations are presented below.

1.1 OBJECTIVES

1. 1. 1 Delineation and Characterization of Fallout Patterns

A detailed fallout -pattern delineation and characterization, relative to

particle size distribution and detonation characteristics, required the accomplishment

of the following objectives by Project 37. 2a:
(1) Delineation of fallout patterns with respect to radiation intensity and/or dosage

levels out to distances corresponding to fallout time-of-arrival of H + 12 to H + 16

hours.

(2) Determination of time-of-arrival of radiation and/or fallout.

(3) Determination of dose rate during and after fallout.

(4) Determination of beta and gamma activities per unit surface area.

(5) Determination of particle size distribution and comparison to predicted particle

size distribution along the pattern.

1.1. 2 Characteristics of Fallout Debris

The second group of studies, i.e., a detailed analysis of fallout materials by

Project 37. 2, included the following specific objectives:
(1) Determination of both the beta energy and gamma energy spectra and the decay

properties of fallout debris of specific particle size fractions and fallout time-of-

arrival.

(2) Determination of the radioactivity-per-particle relation as a function of size and

fallout time- of- arrival.

(3) Determination of solubility characteristics of radionuclides associated with

fallout debris relative to particle size and fallout time-of-arrival.
(4) Determination of isotopic fractionation by radiochemical analyses for radio-

nuclides of barium, cerium, cesium, ruthenium, strontium, yttrium, zirconium, with
respect to selected particle size fractions and/or fallout time-of-arrival.

(5) Determination of such physical characteristics of fallout particles as mag-

netic properties, shape, color, and general appearance.
(6) Evaluation of the relative efficiencies of three uifferent types of fallout

collectors, i. e., gummed paper, nondrying resin plate,,, and granular collectors,
with respect to unit area of surface soil and fallout time-of -arrival.

(7) Determination of the differences among field measurements of gamma-radia-

tion intensity obtained with five available types of survey meters.
(8) Measurement and determination of the influences of environmental factors

such as wind, temperature, humidity, and terrain, on the resuspension and

26



. edistribution of fallout debris, including aerosol concentrations of radioactivity.

1. 1. 3 Biotic Availability of Fallout

Another group of studies relative to biological availability of fallout was the
primary responsibility of Project 37. 1. The documentation of some of the many

ecological relationships within a given residual fallout pattern necessitated completion
of the following objectives:

(1) Determination of the persistence of fission products in tissues of native rodents

and lagomorphs (rabbits), with special emphasis on the identification of radionuclides
of barium, cerium, cesium, iodine, ruthenium, strontium, yttrium and zirconium.

(2) Determination of the influence of yield of detonation and the height, type, and
kind of device support on the biological fate and persistence or radioactive debris at

various distances along the midline of the fallout pattern.
(3) Determination of the persistence and physical characteristics of fallout parti-

cles retained on vegetation surfaces of range forage plants.
(4) Evaluation of the importance of radioactive decay relative to environmental

decay (natural weathering processes plus radioactive decay) in modifying the concen-
tration of initially deposited radioactive debris.

(5) Measurement of the beta versus gamma r' 1ýe levels in several microenviron-

ments at several intervals following fallout deposition.
(6) Serial documentatibn of selected persistence study areas for a period of three

years following this Test Series to obtain data showing the relative importance of time
90 137with respect to the biological accumulation of Sr and Cs

Relative biotic accumulations of radionuclides were documented with respect to

fallout time-of-arrival along the midline of the fallout patterns, along various arcs
lateral to the midlines, and in isolated hot spots as compared to adjacent areas of

lower activities.

1. 1. 4 Assessment of the Availability of Fallout Material in Agriculture Systems

The primary responsibility of Project 37.3 was to obtain data on the initial

distribution, the persistence within various components of the farm environment, and
the initial biological availability of radionuclides from fallout deposited in agricultural

areas as a result of nuclear detonations at the Nevada Test Site (NTS). These studies
were dictated by a need for field data on the potential consequences to man of nuclear
fallout in agri.ultural areas. An attempt was made to document quantitatively the dis-

tri.bution and uptake of iiaJionuclides from fallout debris following contamination of an

agricultural syscern in ordcr to define the quantity of internal emitters transmitted to
man from these environments.

Assessment of the overall problem required an achievement of the following

objectives:
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(1) Determination of the soil contamination from fallout and its redistribution by
existing management practices and environmental processes.

(2) Determination of the degree of fallout interception by certain agricultural crops
and the persistence of radioactive debris on leaf surfaces in comparison to fallout de-

posited on native and agricultural soils.

(3) Determination of the amount of fallout contamination of feeds, forage, and
on 90 137pasture commonly consumed by cattle, with emphasis on Sr and Cs content.

(4) Determination of the metabolized isotopic content of animal products consumable

by man, with particular reference to milk products.

This project represented the preliminary phase of a long term study to

evaluate the significance of fallout contamination of agricultural systems.

1. 1. 5 Application of Environmental Assessment Techniques
An anciliary undertaking within the integrated studies of Program 37 was

Project 37.6, designed primarily as a training program. The objective was to train

personnel from various scientific disciplines in the techniques of environmental
assessment and their practical application under fallout conditions. This training was

intended to provide these personnel with knowledge and experience concerning the fall- I
out problem as it is related to the soil-plant-animal-man cycle.

Seminars, formal lectures, and rotating project assignments were organized

and integrated with the Program's operational schedule. The participating personnel
included representatives from U. S. Air Force (veterinarians), U. S. Department of

Agriculture (veterinarians), Food and Drug Administration (biologists) and graduate
students in veterinary medicine and biology from several universities.

1.2 BACKGROUND

Previous studies of the fallout phenomena were conducted (by this Laboratory)

during and/or after the following Test Series: TRINITY (1945); BUSTER-JANGLE
(1951); TUMIBLER-SNAPPER (1952); UPSHOT-KNOTHOLE (1953); and TEAPOT (1955).
These studies were concerned primarily with fallout from the detonation of tower

supported nuclear devices.

The annual radiological and biological surveys, from 1947 to 1951, of the ground
zero area and the fallout pattern of Shot Trinity became the bases for this Laboratory's
concept of environmental assessment of contaminated landscapes. For example, it

was found that fallout was not distributed uniformly over the landscape: there were
islands of radioactivity, oi hot-spots, in the fallout pattern; the accumulation of radio-
nuclides in mammals did not correlate with dose-rate measurements along T!.e fallout

pattern; solubility of the fallout debris and soil properties were important factors

necessary to evaluate the persistence of fallout contamination on the ground surface.
These and other observations and data have been reported (References 1 through 6).
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In November 1951, observations and measurements were made during and

immediately after fallout had been deposited in an area 6 to 40 miles downwind from the

surface and underground detonations of the Buster-Jangle Series (1951). These measure-

ments included determinations of the radionuclides that were available to crop plants

from this type of fallout debris (References 7 and 8).

Beginning with the Tumbler-Snapper Series (1952) through the Upshot-Knothole

Series (1953) and the Teapot Series (1955), both new and continuing studies were con-

ducted in the NTS environs relative to the distribution of fallout and its properties. In

1952, studies were conducted on fallout deposition from three detonations at distances

of 10 to 50 miles from ground zero (Reference 9); in 1953, from five detonations at 10

to 80 miles from ground zero (Reference 10); and in 1955, from six detonations at 10

to 160 miles from ground zc:ro (Reference 11).

During the Upshot-Knothole Series, an exploratory effort was made to integrate

studies of physical and radiological characteristics of fallout with biological availa-

bility assessments in fallout patterns (Reference 12). It was confirmed that realistic

assessments of fallout contamination could be made only when biological availability

measurements were integrated with studies of radiological distribution and character-

istics of fallout debris.

1. 2. 1 Delineation and Characterization of Fallout Patterns

Earlier studies were primarily concerned with tower-mounted shots and

included the general delineation of the fallout patterns by survey-instrument monitoring

and unit-area surface soil collections usually on three arcs (seven arcs on one shot)

across the fallout patterns. The maximum distance sampled was 135 miles from

ground zero which had measured fallout arrival time of H + 3. 5 hours. The maximum

fallout arrival time measured was H + 9. 2 hours which occurred at a distance of 132

miles. Both the lose rate and the unit-area surface activity measurements indicated

a rapid decrease in fallout deposited downwind from detonations within a distance ofi

50 miles from ground zero. Beyond 50 miles, the dose rate decreased asymptotically.

The integration of deposited fallout activity derived from dose rate and/or soil

unit-area activity measurements along several arcs across fallout patterns studied dur-

ing Upshot-Knothole (Reference 10) and Teapot Series (Reference 11) indicated a depen-

dence on weapon yield and tower height. Measurements were made along lateral arcs

crossing the fallout patterns at various distances corresponding to maximum fallout

arrival times varying from H + 3. 5 to H + 9. 2 hours. The conditions of assessment.

were such that these relationships could be studied only at locations in the fallout

pattern representing short intervals of time of fallout arrival. The time interval most

common to a number of different fallout patterrne was H + 0. 8 to H + 2. 2 hours.

29



Results from particle size fractionation of soil samples indicated a general
decrease in the median diameter of radioactive fallout particles out to a distance of
1G0 miles from ground zero. For example, the quantity of particles greater than 100
microns in diameter tended to decrease in concentration; whereas, the quantity of
debris less than 10r microns in diameter tended to remain constant or to increase with
greater distance w'thin 160 miles from ground zero (References 10 and 11). In addition,
the percent of radi.)activity contributed by the less than 5 micron particle fraction
showed an increase, e. g. , from 3 to 4 percent at 20 miles and 10 to 12 percent at 150
miles on one shot (Reference ii).

The determination of the contributions of different radioactive fallout particle
size ranges across a lateral indicated that, over the range of fallout times and distances
from ground zero studied, the maximum contributions of radioactive particles as large
as 125 microns in diameter and of particles less than 44 microns in diameter had not
been reached. The latter size range is thought to be most significant biclogically for
reasons cited in Sec. 1. 2. 3. Calculations based upon trajectory analysis indicated that
patterns should be investigated ut least to distances downwind from nuclear detonations
corresponding to fallout arrival times of H + 12 to H + 16 hours in order to estimate the
contribution of the smaller sized particle fractions in the deposited fallout.

Horizontal and vertical shear of the fallout cloud frequently occurs due to

different wind structures during the time of cloud travel. Therefore, comparisons of

fallouL particle size distribution and other characteristics of fallout debris from
different detonations should be based upon time of fallout arrival rather than upon dis-
tance from ground zero. Also the fallout arrival time along a pattern is basic to the
estimation of radiation dosage. During previous test series the time of fallout arrival
was usually estimated on the basis of limited post shot wind speed and direction data
and particle trajectory analysis was based on several poorly defined assumptions

(References 10 and 11).

Thus, the extension of fallout pattern delineation in more detail and out to dis-

tances corresponding to fallout arrival time of Ii + 12 to H + 16 hours would serve: (1)
to provide a more reliable comparison of detonation characteristics such as yield,
height of detonation, and type or kind of weapon support; (2) to permit modification of

fallout prediction model• by interested organizations in order to increase the model's ar-
reliability; (3) to include the areas of maximum contribution of the smaller sized part-
cle fractions (less tian 50 microns) which are most significant in terms of biological

availability of various radionuclides; and (4) to permit identification and detailed obser-

vations of hot spot areas.

1. 2. 2 Radiological, Physical, and Chemical Properties of Fallout Debris Collected
from Documented Patterns

In many cases, a requirement for further definition and expansion of the data
obtained from earlier studies was indicated. For example, the beta decay constants
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for a variety of detonations and sample types have shown definite deviations from the

classical k-value of -1. 2, as used in the expression A = AoT'k. These deviations

were apparently time-dependent; for example, during the time period of H + 30 to

H + 1000 hours, the beta decay slopes varied from -1. 0 to -1. 5 for Sriauper aerosol

and fallout samples (Refer ence 9). During Upshot-Knothole, the range of variation

was found to be -1.2 to -1.7 over the time period of H + 100 to H + 1000 hours; and

during Teapc't, a range in decay slopes of -0. 8 to -1.6 was obtained over various time

intervals (References 10 and 11).

Such variations were also noted in beta energy determinations of fallout debris.

For example, three maximum energy components were separated from the energy

spectrum of Upshot-Knothole samples as follows: 0.21 to 0.52 MeV, 0.90 to 1. 29

MeV, and 1. 9 to 2. 8 MeV (Reference 10), Analysis of Teapot samples, on the other

hand, resulted in isolation of only two components, one ranging from 0.35 to 0. 96 MeV,

the other from 1.15 to 2, 30 MeV (Reference 12). In addition, considerable variation

was obtained in the Teapot ratios of beta microcuries per square foot to gamma mr/hr

(•i/sq ft : mr/hr) at different distances and to a greater extent between different shots.

Preliminary analysis of film dosimetry measurements made by the Health Physics

Section, AFP/UCLA, during the Teapot series indicated that these ratio variations may

have been at least partially attributable to differences in beta-gamma ratios inherent

in fallout materials (Reference 13).

No comparable measurements were made by this Laboratory on the variability

of the decay constant of the gamma radiation component of fallout samples. However,

this information is essential for determining gamma dose to the populations indigenous

to fallout patterns.

More than 95 percent of the radioactivity associated with particle size fractions

greater than 170 microns in diameter could be removed by magnet from samples of

fallout debris from Shots Moth and Apple II, Teapot Series (Reference 11). However,

only 3 to 5 percent of the activity could be removed from the 88 to 125 micron particle

size fraction. These results and observed differences in the amount of tower and cab

r•eterial remaining after various detonations, suggested that a method should be

developed to measure the amount of tower and cab material which contributed to fallout.

A limited number of solubility determinations made on radioactive particles

from Upshot-Knothole fallout indicated that approximately one percent of the total

radioactive material was soluble in water and two percent in 0.1 N HC1 (Reference 10).

Studies on Teapot samples indicated that 20 to 30 percent of the total activity was

removed from soil samples by leaching with 0. 1 N HC1, and that 60 to 80 percent of the

activity associated with aerosols was removed with 0. 1 N HC1 (Reference 11). The

difference in these results indicated that additional studies by improved methods were

required to properly evaluate the solubility of fallout debris.
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1. 2. 3 Biological Availability of Radionuclides Associated with Fallout Debris and
Accumulation in Biota
The occurrence of fission products orig-nating from radioactive fallout debris

has been documented relative to the various components of local environments, includ-

ing soil, flora, fauna, air, and the fallout materials per se (References 12 and 14).

From data collected during and periodically after the test series, the cycling of

fission products has been followed from one component of the environment to the other.

Solubility is an index of the potential availability of fallout materials to the

biological cycle. It was also shown that the radioactive fraction of particles less than

44 microns in diameter was relatively more acid soluble than that of the 100 micron

diameter particles and this was more soluble than that of those particles larger than 100

microns. The majority of fallout particles retained on the leaves of forage plants

were also observed to be less than 44 microns in diameter, with an average size of

approximately 20 microns (Reference 14).

As could be predicted on the basis of the preceding observations, the radio-

activity per unit weight of dry plant material collected at various distances from ground

zero compared favorably with the distribution of the less than 44 micron fallout

particle-size fraction. However, radioactivity associated with plant material did not

correlate well with the distribution of deposited fallout (Reference 14). Similarly,

chronic burdens of fission products in tissues of animals collected from fallout patterns

did not correlate well with dose rates of environmental contamination (References 12

and 14).

Inhalation has been shown by field and laboratory studies to be relatively insig-

nificant as a pathway for biological accumulation of radionuclides from fallout debris

(References 14 and 15). In addition, the variations in aerosol concentrations deter-

mined by several types of air samplers during Operations Tumbler-Snapper (Reference
9), Upshot-Knothole (Reference 10), and Teapot (Reference 11) could not be correlated

with biological uptake.

The assimilation of specific fission products by animals was highly variable

and did not correlate well with the dose rate from fallout contamination. For example,

the body burden of radioiodine in desert rodents, collected during Teapot Series, was

greater at 60 miles than at either 20 or 130 miles from ground zero (Reference 14).

The body burden of radiostrontium in desert rodents six months following fallout was

approximately five times greater at 130 miles than at six other locations sampled

between 40 and 400 miles from ground zero within the fallout pattern from Shot-Met,

Operation Teapot (Reference 17). A similar observation was made one year following

Operation Upshot-Knothole in which the radiostrontium in native rodents was found to

be seven times higher at a distance of 130 miles than in Yucca Flat. The ratio of Sr 8 9
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to Sr90 was variable in the bones of jack rabbits sampled along the midline of a residual

fallout pattern. These observations suggest a dependence of the chronic tissue burdens

of radioactive debris on a particular particle size fraction rather than on total deposited

fallout. Time of fallout arrival and particle size determinations, therefore, seemed to

be one approach needed to explain the variations in observed body burdens of fission
p'roducts; however, additional studies were required to resolve the variations and their

causes.

In summary, a feasible explanation of the factors influencing the biological

accumulation of radioactive fallout appeared to be that fission product assimilation is

related to particle size and that, because the forage plants act as selective collectors of

the small particle fraction (less than 44 microns in diameter), the ingestion of radio-

active debris by animals during grazing is independent of total fallout. The amount of any

specific isotope present is dependent upon the physical and chemical properties of fallout

particles. Therefore, the amount of radionuclides associated with less than 50 micron

particles at any particular location within the residual fallout pattern could be highly

variable, and the occurrence of areas in which the biological accumulation of radio-

nuclides is high should be anticipated.

The objectives of Project 37. 1 were to determine the genera] validity, as well

as to amplify, this concept of biological accumulation of radioactive fallout.

1.3 OPERATIONS

The integrated efforts of Program 37 were directed toward the stated objectives

for a period from April to November 1957, at NTS. This was accompanied and followed

by a coordinated laboratory effort at AEP/UCLA, Los Angeles, directed toward the

analysis and evaluation of the data. Some studies required several years to complete.

Table 1. 1 shows the Shot Schedule of project participation of Program 37.

TABLE 1. 1 Schedule of Project Participation, Program 37

H Hour Projects Particip•ating
No. Shot Name Date (PDT) 37.71 37. 2 37. 2a 37. 3 37. 76

1 Boltzmann 28 May 0455 x x x x
4 Wilson 18 June 0455 x x
5 Priscilla 24 June 0630 x x x x x
6 Hood 5 July 0440 x x

7 Diablo 15 July 0430 x x x x
13 Shasta 18 August 0500 x x x x
16 Smoky 31 August 0530 x x x x x
17 Galileo 2 September 0540 x x

21 Fizeau 14 September 0945 x x
22 Newton 16 September 0550 x xx
23 Ranier 19 September 1000 x x
24 Whitney 23 September 0530 x x x

Postseries Study x x x
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II

1.3.1 Organization

The organization and interrelationships of five projects within Program 37 are

presented in Figure 1. 1. The coordinated efforts of approximately 10G field and Mer-

cury laboratory personnel were required during the test series. The Project 37. 2a

field group, responsible for field surveys and the installation, operation, and

recovery of sampling and monitoring equipment consisted of a maximum of 15 teams

of two men each.

ADMNISRATVEADMINISTRATION FALLOUT

UM rSERVICE$ PRDCIN

DATA 
T

REDUCTION
a CARTOGRAPHIC

EVALUATION UNIT

PROEC 3.1 PROJECT 37.2 PRJC 3.0 PFOJ;:CT 37.3 POET3.

IED TAS FIELD TEAMS FIELD TEAMS

810-ASSAYRAIASY

SAMPLE RECORDIN PARTICLE Py NERGYJ SPECIALI

AND LOGGING SAN

RAIOHEMISTRY-e

FIGURE 1. 1 Program 37 Organization Chart

Assignment of field teams to areas of highest fallout probability and general

coordination of field efforts were accomplished by use of radio and telephone communi-

cations. Detailed delineation of fallout patterns was accomplished by the U. S.

Geological Survey (USGS) aerial radiometric techniques. Hot spots within the fallout

patterns were further delineated when required by two Super Piper Cubs from the Raw

Materials Division, AEC.

Field persistence studies (Project 37. 1) were conducted by 4 four-man eams.

Pertinent data obtained by Projects 37.2a and 37.2 were also used to document the

persistence study areas.

Project 37.3 utilized 1 two-man team for study of contaminated agricultural

areas.

Personnel of Project 37. 6 were rotated among the other field and laboratory

groups as part of their training program.
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Laboratory processing at Mercury was accomplished by approximately 30

personnel assigned to Project 37. 2. In addition, specific fission-product analyses

were carried out by the Chemical Analysis Group at AEP/UCLA. A five-man group

accomplished the reduction and evaluation of field and laboratory data.

A cooperative liaison was arranged and maintained with the Fallout Prediction

Unit (FOPU) and the Air Weather Service Group both of the Test Manager's Organi-

zation to furnish Project 37. 2a the necessary meteorological data and predicted mid-

line fallout information. A group of 4. personnel from Program 37 was assigned the

responsibility of maintaining the required exchange of data.

The administrative group provided the necessary direction and coordination of

field and laboratory efforts, including the necessary logistic support.
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CHAPTER 2

THE DELINEATION AND DISTRIBUTION OF FALLOUT

2.1 INTRODUCTION

The delineation and distribution of fallout debris deposited in an area is the first

essential phase of environmental assessment studies. This provides the basis for

identification and definition of those physical, chemical, radiological and biological

parameters which jointly comprise fallout phenomenology. This first phase is con-

cerned primarily with: (1) documenting the geographical distribution and radiation

level of contamination in the biosphere of the path of fallout deposition; and (2) measur-

ing the time-of-arrival of fallout or radiation along the path of deposition. Data and

their evaluation are presented for seven tower mounted and four balloon mounted shots.

2.2 PROCEDURE

Detailed description is given in Appendix A, Sections A. 2. 1, A. 2. 2, and A. 2. 3

of the methods and equipment used in this phase of study. It should be noted that the

aerial radiometric survey techniques used by the U. S. Geological Survey (USGS) were

adapted to monitoring fallout patterns on a routine basis for the first ine during this

test series by this program.

2.3 RESULTS

Table 2. 1 gives the total yield, type of device support, and the mean see level

elevations of cloud top and base of each above-surface shot documented by Projects

37. 2a and 37. 2. Isodose-rate ,ontours, the time-of-arrival of fallout, and an estimate

of the predominant particle size fraction are shown below on maps of each fallout pat-
tern.

TABLE 2. I Project 37. 2a and 37. 2 Shut Participation, Device Support, Yield, and Cloud Hleight.

MSI., Mean Sea Level
Total(a

Height of YieldI, Cloud [0ei1-ht. MS[I, ft(a)
ý,'lee Shot I1 Hour, Type of Device Detonation, k(a) rropopauae(a)

No. Name Date l'DT Support ft kt Top Base MSL, ft

I Boltzmenn 211 May 0455 Tower 500 12 :i:1, 000 2:3, 000 41, 000
4 W ileonl 10 June 0445 Balloon 500 10 35, 000 265,000 40, 000
5 1'r lalella 24 June 0130 Balloon 700 37 43, 000 24, 000 49, 000

6 Hood 5 July 0440 Balloon 1000 74 48,000 35,000 53,000

7 Diablo 15 July 0430 Tower B00 17 32,000 20, 000 43,000

13 Shasta 18 Aug 0500 Tower 500 17 32, 000 16, 000 50, 000

16 Smoky 31 Aug 0530 Tower 700 44 38,000 (20, 000 Est) 35,000

37 Galileo 2 Sept 0540 Tower 500 II 37,000 17,000 31), 000

21 Flizeau 14 Sept 0945 Towel, 500 II 40, 000 27,000 43, 000

22 Newton 16 Sept 0550 Balloon 1500 12 32, 000 19,000 52, 000

23 Rainier 19 Sept 1000 Underground -700 3. 7 no cloud or venting ---

24 Whitney 23 Sept 0530 Tower 5033 19 30, 000 18, 000 5'3,000

(a) From: "Fallout Program Quarterly Sumimary Iteport," Report No. IIASL-142, Jalunuary i, 1064,

page 227; USAEC, hfealth and Safety Laboratory, rqew York.
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2. 3. 1 Fallout Patterns

Isodose-rate contours at H + 12 hours and time-of-arrival of fallout and/er

radiation are shown in Figures 2. 1 to 2. 12 for seven tower mounted and four balloom
mounted detonations. The dose-rate values were measured during station recovery,

from H + 24 to H + 30 hours, and corrected to H + 12 hours by data shown in Table A. 2

and the Plumbbob Composite Decay Curve (Figure 4. 11).

Boltzmann Fallout Pattern (Figure 2. 1): This pattern is based upon Program 37

ground and aerial survey data and Off-Site Rad-safe ground survey results. The

isodose-rate contours shown from ground zero to Arc I (approximately 35 miles) are

estimated because of rough terrain and inaccessibility. The time-of-arrival of fallout

after H + 5 hours is estimated on the basis of a few measured values and calculated

cloud trajectories from the Fallout Prediction Unit (FOPU), Test Manager's Organiza-

tion. Only aerial survey data were available at times-of-arrival of fallout greater than

H + 9 hours.

The l00 mr/hr contour which defines the hot spot west of Warm Springs, Nevada,

(approximately 76 miles from ground zero) is of particular interest. This area was

characterized by having approximately 75 percent of the total activity associated with

less than 44 micron material in the area of maximum dose rates (see Appendix C).

There is the suggestion that the northern portion of a mountain ridge may have contrib-

uted to this deposition of the observed hot spot. There were no rain clouds observed in

this immediate area by personnel of the radio-relay communication aircraft at H-40

minutes. The only rain clouds observed were approximately 20 miles to the west.

Wilson Fallout Pattern (Figure 2.2): This Shot was not originally scheduled for

documentation, and Program 37 fallout measurements were obtained only by aerial

survey. The pattern is based on these and Off-Site Rad-Safe ground survey data.

There is some doubt as to the magnitude of fallout in the southwest portion of the

pattern. Fallout time-of-arrival is based on cloud trajectory estimates by FOPU.

Priscilla Fallout Pattern (Figure 2.3): Dose-rate contours of this pattern are

based on Program 37 ground and aerial survey data and some Off-Site Rad-Safe results.

However, the isodose-rate contours between Arc I (Indian Springs Road) and ground

zero are estimated. The time--of-arrival of fallout is based on measured values. The

occurrence of isolated hot-spots and the predominance of less than 44 micron fallout

material on all sampling arcs is of special interest. There was excellent agreement on

the magnitude and location of the midline, the occurrence and location of the hot spots,

and the dose-rate contours of the southern half of the pattern. However, there was

only good agreement as to the loca± of the northern boundary of this pattern.
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Hood Fallout Pattern (Figure 2.4): This pattern is based on Program 37 ground

and aerial survey data. Some of the isodose-rate contours are estimated on the basis

of the contamination levels measured in the fallcut collectors (see Table 2. 3 for con-
version factors). The pattern is north of previous Plumbob contamination, therefore,

the dose-rate values are reliable even though 'of low intensity. The pattern is charac-

terized by hot spots and a predominance of less than 44 micron material, as in the

case of Shot Priscilla.

Diablo Fallout Pattern (Figure 2. 5): Program 37 ground and aerial survey and

Off-Site Rad-Safe ground survey data were used to develop this pattern with good

agreement beyond 100 miles. The isodose-rate contours on the western edge of the

fallout pattern are estimates and may be l-bcated too far west. The lack of roads in

this area precluded the collection of survey data. The time-of-arrival of fallout after

H + 6 hours is estimated on the basis of the measured times and calculated cloud tra-

jectories. The Diablo pattern shows a large hot spot east of Lund, Nevada. It was well

documented.

Shasta Fallout Pattern (Figure 2. 6): This pattern is based on On-Site Rad-Safe

data pertinent to Shasta fallout in Yucca Flat, and Program 37 ground and aerial survey

data for the area beyond NTS. Off-Site Rad-Safe data were not used. The isodose-rate

contours shown are the net result after the appropriate deduction of residual contamina-

tion from Shot Diablo, especially on the eastern portion. Cloud trajectories were used

to calculate the estimated time-of-arrival of fallout after H + 5 hours. K
Smoky Fallout Pattern (Figures 2. 7a, 2.7b, 2.8): Figures 2. 7a and b present

the detailed fallout pattern developed from Program 37 ground and aerial survey data

from ground zero to northeastern Utah. Figure 2. 8 shows the complete pattern from

ground zero to Casper, Wyoming. The pattern is based on aerial survey data only,

from Panguitch, Utah to the northeast. The pattern was still readily detectable at

700 miles from ground zero at D + 5 days. The fact that the time-of-arrival isopleths

parallel the major axis of the pattern to a large extent is of particular interest and is

probably the result of vertical shear. There were at least two hot spots delineated.

Galileo Fallout Pattern (Figure 2. 9): Program 37 ground and aerial survey

data are the bLsis for this pattern south of Highway 6. Off -Site Rad-Safe data were

used north of Highway 6. The lack of complete monitoring data necessitated the esti-

nmation of the shape of the western edge and the close-in portion of this pattern.

Fizeau Fallout Pattern (Figure 2, 10): This pattern is based on On-Site Rad-Safe

data pertinent to the fallout in Yucca Flat and Program 37 ground and aerial survey

data and Off-Site Rad-Safe data beyond NTS. The fallout time-of-arrival contours,

both measured and estimated, compare favorably with FOPU calculated cloud trajec-

tories.
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Newton Fallout Pattern~'r 2. 1.1): Detected fall.out levels were of very low

intensity and are not reliable; t~herolore, this pattern is Uwdy an estimate. Where possi-

ble, dose rates were calculated fromt the granular fallout collectors. No measurements,

of time-of-arrival of fallout wvere obtained.

Whitney Fallout Pattern. (EFgure 2. 12): Thia pattern is based ors Program 37
ground and aerial survey data with the exception of~ the northernmost portion, above

LMina, Nevada (east of Walker Lake), which is based on aerial dat'A alone. No informa-
tion relative to the radiation levels in Yucca Flat and adjacent terrain was obtained:

therefore, this portion is an estirnate.

All seven tower mounted shots produced areas beyond NTS with dose rates in

Vexcess of 100 mr/hr at H + 12 hours and,- witih the exception of Shots Boltzmain anid

Galileo, small areas In excess of 1000 mr/hr at H + 1?, hours. In constrast, balloon

mounted Shots Wilson, H-ood, and Newton, having a range in total yield from 10 to 7/4 kt,

resulted in dose rates of less than 10 mr/hr at H + 12 hours at all locr.Ltions of measure-

ment. Shot Priscilla, a balloon mounted device whose fireball nearly ir tersected its

ground zero ground~ surface, resulted in dose rates ranging from 10 to lAO mr/hr at
ý0 H + 12 hours. Table 2, 2 presents a summary comparing the areas within selected

isodose-rate contrours of fallout patterns froin balloon 9,rid tower mountect shots. There

are no apparent relationships; additional anialysis and intei-pretation of basic data of

meteorological observations, environmental factors, particle si7,e distributions, and
* dose-rate measurements are required.

TABLE 2. 2 A'ena~ Within~ Sele'cted looduse-h100 Contours1 Of i"BI1iout PattVIrn1 FrVom 1311i1001
and--6w-T7wr ounted Detonations,

D~ose VrAte 11eaSUraninIntr nm1de 11 1- 24 to Hi 4 30 houvs and corrocted to It 4. i2 ihouri,. EdM, estimatod
and measure values. NC. not closed; ND, not determined.

laodos't-liato Contours at If 4 12 H~ours

Shot :.00 100 10-rd' 1 1-5 .- 0.5-0, 1

________Square Miles ~ N

Wilston, 0.00 ft (17 kt) 4 EM 7000 2,,9411 83 0 NC ND N

Whitnily, 700 ft (37 kt) 230 EM 32004 5408 7,05%0 NC ND ND)

flod,150 f (,ikt)41 U 2,:J5 1, i41N
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2. 3. 2 Fallout Arrival Time and Duration

A rise of 2 mr/hr above background was arbitrarily chosen as giving the time of

fallout arrival. Arrival times, both measured and estimated, are entered on the fallout

pattern maps.

While the duration of fallout at individual locations is a function of a number of

variables, e.g., initial particle size spectrum, particle size distribution within the

cloud, vertical cloud shear, cloud height, a general relationship of fallout duration as a

function of initial time-of-arrival was observed from recording gamma-radiation moni-

tors (PRAM; see Appendix A for description). This relationship is illustrated in

Figure 2. 13 where data derived from six tower and three balloon mounted shots are

presented. The regression curve indicates that the interval between initial and maxi-

mum activity increased from approximately 25 minutes at an initial fallout time of
H + 1 hour to approximately 5 hours at fallout time of H + 12 hours. The number of

observations employed in this study lends credence to the 1. 4 constant especially in the

time range H + 1 tr* H + 8 hours.

Examples of radiation intensity curves resulting from short and very long fallout

duration are illustrated in Figure 2. 14. Both curves were obtained at locations approx-

imately 50 miles from ground zero but under quite different conditions of cloud velocity

and shear. The long duration curve demonstrates discontinuity in fallout which is

<:,. probably associated with deposition from different cloud strata. The declining portions

of the curves do not reflect additional detectable fallout levels after reaching the maxi-

mum intensity in either case. No quantitative data were obtained on the continuance of

the fallout process after the peak in intensity. A few recorder traces indicate, however,

that the time period between the peak intensity and the end of the fallout process might

be greater than the period between initial fallout and peak intensity. Similar data from
the Teapot Series (Reference 1) indicate that anomalies observed during that study were

not due to a redistribution of the original fallout material.

Analysis of the time-intensity data from the gamma-recording monitors aided in
the determination of both the gamma decay rate and gamma dose (Chapter 4).

2.3.3 Ratio of Beta Activity Per Unit Area to Dose Rate

Gamma dose readings were obtained at time of recovery (H + 24 to 30 hours) of

the stations. The ratio of beta activity per sq ft to dose rate (wc/sq ft:mr/hr) at H + 12

hours was determined from available data, The ratios served to augment and evaluate

dose rate or activity per unit area values, particularly when previous fallout contamina-

tion was suspected. Table 2. 3 shows the average ratio for each arc across the fallout

patterns from ten shots at different distances from ground zero.
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There is no apparent correlation between these ratios and time-of-arrival,

distance from ground zero, or mean particle size. Balloon mounted detonations, how-

ever, appear to yield lower values, ratios of 1. 5 to 2. 5, than do tower mounted shot

ratios of 8. 9 to 13. 0. This is at variance with data presented in Chapter 4 which indi-

cate that laboratory determined beta to gamma ratios from granular collector samples

were generally greater for balloon mounted shots than for tower mounted shots. The

significance of these differences is obscure.

2.4 DISCUSSION

2. 4. 1 Fallout Deposition in the NTS Environs from Tower and Balloon Shots

Interpretation of fallout levels with respect to yield and height of detonation of

tower mounted devices is somewhat obscured by the differences in shielding materials

and their masses with the cab and the tower mass. Table 2.4 lists the approximate

weight of towers and cabs used for the detonations documented by this Program.

Balloon detonation close-in fallout was consistently less than tower fallout due to

(1) height of burst and, therefore, the degree of fireball interception of the ground

surface and (2) lack of a massive support structure. For tower mounted shots, the

low level of radiation from Shot Fizeau was consistent with relatively low yield and

tower-cab mass. However, the fallout radiation level for Shot Boltzmann of similar

yield to Shot Fizeau was high. The total cab and metal shielding mass for both shots

was approximately the same. The difference was probably due to the addition of 12.5

tons of silica sand in the Boltzmann cab and the effective height of detonation was 425ft

because of the earth bunker immediately beneath the Boltzmann cab. With the exception

of Shot Boltzmann, the higher fallout levels were associated with the heavily lead

shielded cabs ana the heavier towers (Diablo, Shasta, Smoky, and Whitney). A some-

what lower fallout level was associated with concrete shielding in the cab of Shot Galileo

even though the tower weight was similar.

TABLE 2. 4 Approximate Weights of Shot Towers and Cabs.
Tower Weight, Cab and Shielding,

Shot Tons Tons

B~oltzmann < 25, 000 < 50

Fizeau < 25,000 < 50

Smoky 35, 000 to 70, 000 > 100

Galileo 25, 000 to 50, 000 > 100

D)iablo > 50, 000 > 100

Shasta > 50, 000 > 100

____ Whitney > 50, 000 > 100
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It has been reported (Reference 2) that available data from previous tower

mounted shots at NTS are not adequate to determine the quantitative effects of the

amount of shielding incorporated in fallout debris on fallout levels but that heavier

towers do contribute to increases in fallout deposition.

Observations of the remains of towers and shielding material after detonation at

several ground zeros indicate that large masses of material are not vaporized. Obser-

vation of the residue of the Smoky tower indicated that a very significant portion of that

tower remained including the upper 200 feet of steel. Another example similar to Shot

Smoky was Shot Apple II, Teapot Series. Even though the total yield of Shot Apple II

was about 32 kt, the floor of the cab and the main tower support columns remained
intact. The results of the Shot Fizeau tower melt studies (Reference 3) show that about

85 percent of tower material was accounted for after the detonation and that only the

upper 50 feet of tower was vaporized. No melting occurred beyond 175 feet from the top

of the tower although the fireball theoretically engulfed more than 400 feet of the tower.

These observations indicate that before a realistic approach can be made in

formulating reliable prediction models, information should be obtained as to how much

material is actually consumed in the formation of fallout particles.

2.5 SUMMARY

1. Dose rates and time of arrival of fallout or radiation resulting from Shots

Boltzmann, Wilson, Priscilla, Hood, Diablo, Shasta, Smoky, Galileo, Fizeau, Newton,

and Whitney were measured and are reported in teims of isodose-rate and isofallout-

time contour maps.

2. Radiation hot spots were observed in fallout patterns of both tower and bal-

loon mounted shots. These are probably caused by the atmospheric turbulence present

over the mountain ridges.

3. A relationship between time of fallout arrival (Ta) to time of peak activity

(Tp) was derived; T p = 1. 4 Ta.

4. Ratios of beta activity (pc/sq ft) to dose rate (mr/hr) at H + 12 hours ranged

from 8.9 to 13.0 for tower mounted shots and 1.5 to 2.5 for balloon mounted shots. No

explanation is offered for the differences.

5. The levels of fallout from tower mounted shots were greatly influenced by

mass and nature of tower and cab materials.
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CHAPTER 3

ACTIVITY PER UNIT AREA AND PARTICLE SIZE

DISTRIBUTION IN FALLOUT PATTERNS

3.1 INTRODUCTION

Further characterization of the fallout pattern is made by determining the dis-

tribution of the radioactive sources in it. Through particle size analysis of samples

c oliected at selected locations in a fallout pattern, the distribution of radioactive mate-

rials can be determined according to particle size fractions along with the radionuclide

content. These data contribute to the understanding of biological availability of the I
radioactive material at various locations in the fallout pattern and, in particular, with
respect to distance from ground zero. In addition, the data provide some indication of

fractionation within the cloud through study of particle trajectories.

3.2 PROCEDURE

The activity (microcuries) per square foot from fallout debris was determined from

samples collected by large area (4.73 sq ft) granular collectors (GC). The GC con-

sisted of a layer of polyethylene pellets spread uniformly over a known surface area of
a metal tray covered with plastic film. For each shot studied, one hundred to threeIt hundred collectors were placed at ground level in the field prior to the arrival of fallout
and were exposed until station recovery on D + 1 day. They were then collected and

r'.turned to the Mercury Laboratory for processing and assay. See Appendix A for

details (Section A. 3. 1).

It was anticipated that the number of detonations scheduled for this test series

would result in fallout patterns that would overlap one another. Also, the acceptable

sectors through which fallout could be deposited were the same sectors in which fallout

had occurred from detonations of previous test series. Therefore, it was necessary to
develop a new technique of collection to avoid cross-contamination of samples. In addi-

tion, the method of processing these samples required improvement in order to deter-

mine more reliably the activity per unit area, the particle size distribution and other

characteristics. The GC was developed and used by this Peogram.

On four shots-Boltzmann, Diablo, Shasta, and Smoky-sixty-five of the estab-
lished collector stations were also equipped with gummed paper collectors (GPC). In

addition, on Shot Boltzmann, resin coated plates (RCP), the LASL Model, were added
"to twenty stations at which GPC's were located. Also, a soil sample, one square foot

in area and one inch deep, was taken at these multiple collector stations. These vari-
ous samples permitted comparison of the relative collection efficiencies of the several

media. The GPC had been used by the Health and Safety Laboratory (HASL) New York

Operations, USAEC, in earlier studies. The RCP was developed by the H-Division,

Los Alamos Scientific Laboratory (LASL), and was used by various organizations.
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All radioassay data were referred to the common time, H + 12 hours, using the

composite Plumbbob beta decay curves presented in Figure 4. i1.

3.3 RESULTS AND DISCUSSION

Activity per square foot and particle size distribution measurements were made

on fallout samples from seven tower mounted and three balloon mounted detonations.

Data are presented on selected shots that illustrate the results obtained: Shots

Boltzmann, Priscilla, and Smoky provided data shown in Appendix C. Particular atten-

tion was given to the less than 44 micron fraction because of its significance to fallout

prediction models and to assessment of biotic availability.

Data and their evaluation are presented which establish the basis for using the
granular collector as a method for obtaining reliable samples for the measurement of

activity per square foot and particle size distribution of fallout material.

3.3.1 Comparison of Collectors

3. 3. 1. 1 Gummed Paper and Resin Plate Versus Granular Collector

The fallout collection efficiency of gummed paper was compared to that of the

GC at 65 locations contaminated by fallout from Shots Boltzmann, Diablo, Shasta, and

Smoky. Distances from ground zero varied from approximately 16 to 80 miles, and a
wide variety of lateral distances from the midline was represented. Also, the collec-

tion efficiency of resin plates was compared to that of the GC at 20 locations within the

Boltzmann pattern at distances ranging from approximately 35 to 80 miles from ground i
zero.

The results of the comparisons are summarized in Figure 3. 1 as histograms

depicting the frequency of observed ratios of GPC/GC or RCP/GC beta jIc/sq ft (at

H + 12 hours). The GPC and RCP radioactivity value at each location was the mean

activity of twelve 0. 5 sq ft and twelve 0. 25 sq ft samples, respectively, and that of the

GC was the mean activity of two 4. 73 sq ft samples.

A wide range of GPC /GC activity ratios was observed (from 0. 005 to 2. 86) with

a mean value of 1. 11 for 65 observations. The modal or most typical ratio was the

range of 1. 25 to 1. 50 which represented 20 percent of the cases. Attempts to correlate .1

ratios with total activity levels or particle size distributions were generally unsuccess-
ful with the exception that the extremely low ratios in the range of 0 to 0. 25 (15 percent

of the cases) tended to be associated with low total activity values, i.e., less than

5 ýic/sq ft. While possibly indicating a higher collection efficiency by the CC for small

particle sizes, this relationship was not consistent. Variability in fallout deposition,

as described below, provides a more satisfactory explanation of the range of ratios

observed.
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Fewer comparisons of RCP and GC beta radioactivity values were performed;

however, RCP values were consistently less than those of corresponding GC's at 20

locations in the Boltzmann fallout pattern.

3. 3. 1. 2 Replication Variability

Coefficient of variation values descriptive of the variation among 12 GPC or

j, RCP samples collected at different locations in Boltzmann, Diablo, Shasta, and Smoky,
fallout areas and four, 4. 73 sq ft GC samples collected in the Smoky fallout pattern

were determined. These values, plotted aE a function of H + 12 hour beta jc/ft sq ft

levels determined by the GC's, and regression curves constructed on the basis of the

least squares method appear in Figures 3. 2, 3. 3, and 3. 4 for GPC, RCP, and GC,

respectively.

Both GPC and RCP curves indicate decreasing coefficients of variation with

increasing fallout levels as would be anticipated where higher fallout levels reflect

larger numbers of particles falling per unit area. Values of the coefficient of variation,

derived from the regression curves over the fallout activity range of 1 to 1000

pc/sq ft at H + 12 hours, range from 30 to 8 percent for gummed papers and 46 to 22

percent for resin plates. The higher values for resin plates possibly reflect their

smaller size, although the small number of resin plate cases precludes firm conclu-

sions. In contrast to both GPC and RCP, GC coefficients do not demonstrate a detect-

able influence of fallout activity level over the fallout range of 1 to 1000 Pc/sq ft where

a value of 13 percent was determined. This generally lower coefficient value can be

attributed to the larger unit areas involved, 4.73 sq ft as opposed to 0. 5 or 0. 25 sq ft

in the cases of gummed paper and resin plates, respectively.

To further explore the effect of fallout level on variation of GC samples,

approximately 200 sample locations in the Smoky fallout pattern were analyzed on the

basis of duplicate 4.73 sq ft samples. The larger of the two fallout activity values was

divided by the smaller to give ratios equal to or greater than one; the ratios were

plotted as a function of the mean activity value and a regression line determined,

Figure 3. 5. Duplicate samples indicate an effect of level on variability, and regression

Sline values range from 1.5 at 0. 1 pc/sq ft to essentially 1. 0 at 10, 000 Pc/sq ft. By the
standard deviation approximation method of Dixon and Massey (Reference 1), duplicate

sample ratios of the order of 1.5 would correspond to coefficient of variation values of
approximately 35 percent. A ratio of 1. 2 at a fallout level of 100 pc/sq ft would corre-

spond to a coefficient of variation of approximately 16 percent. This compares favor-

ably with coefficients of 28 percent for 12 resin plates, 13 percent for 12 gummed

papers, and 13 percent for four 4. 73 sq ft GC samples at the same fallout level.
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3. 3. 1. 3 Soil Sample Evaluation

One square foot, one inch deep soil samples were collected £ various GC loca-

tions in the Boltzmann, Shasta, and Priscilla fallout patterns for comparison of total

beta activity and particle size distributions.

The ratios of soil-to-GC beta activity values as of H + 12 hours are plotted in

Figure 3.6 as a function of pc/sq ft at H + 12 hours values determined by duplicate

4. 73 sq ft GC samples. With the exception of one sample, all Priscilla soil samples

were higher than corresponding GC samples by factors in excess of two. Boltzmann

and Shasta ratios are grouped around a value of one with the exception of two low-level

(4 4c/sq ft) samples. The ratios generally indicate an increasing discrepancy with

decreasing fallout level.

An analysis of sample locations and times of radioassay indicates a probable

explanation for the observed discrepancies between the two types of sample. Soil sam-

ples are subject to error with respect to residual surface soil radioactivity due to fall-

out from previous detonations; the deduction of subsoil radioactivity values only

eliminates the error due to naturally-occurring radioactive isotopes. However, tl.e

error due to residual activity is large by comparison. This error becomes greater at

later times after shot as the long half-life radionuclides become a greater percentage

of the total. In contrast to previous test series, where the soil swimple represented the

primary sample for fallout measurement, soil sample processing during the Plumbbob

Series was delayed in favor of GC processing. !n general, soil samples were radio-

assayed at times ranging from one to several months after the respective detonations.

As an example of the effect of delayed radioassay, a sample having a beta activity level

of ten ic/sq ft at H + 12 hours would have a level of approximately 0. 02 4c/sq ft three

months after shot. A residual contamination level of 0. 02 "c/sq ft would produce an

H + 12 hour extrapolated value which would be high by a factor of two.

Soil samples from the Priscilla pattern were subject to error resulting from

delayed radioassay of initially low radioactivity values and residual contamination from

the Shot Met (Teapot Series) pattern with which it coincided to the distance at which

fallout occurred at approximately H + 6 hours. At the time of the Priscilla soil radio-

assay, maximum residual beta activity levels of the order of 0. 6 Pc/sq ft could be

attributed to Shot Met on the basis of published fallout level values (Reference 2).

Various ratios of residual contamination (from all sources) and Priscilla contamination

could account for the range of high soil-to-GC beta activity ratios observed in Figure

3.6.

Boltzmann and Shasta soil samples generally indicated closer agreement with

GC beta activity values than those from Shot Priscilla. At h.gher fallout activity levels

67

- - - - -~.-.-.-.



4A4

K 0
0 b

0 0 C

cc 0
4.

C)

4l 
$

OD r

ijoi)3-oo 8inNhID/110S 'Oj.V

68



71N

(< 300 pc/sq ft), the effect of residual contamination was probably negligible, and the

degree of variation around a ratio of one could be attributed to sample variations asso-

ciated with one square foot samples.

An analysis was made of the relative size distributions obtained by soil samples

and granular collectors at corresponding locations in tower and balloon shot fallout
patterns. Typical results appear in Figure 3.7 where particle size distributions for

Boltzmann samples collected 47 miles and Priscilla samples collected 196 miles from

ground zero are presented as cumulative percent curves.

Both pairs of curves indicate entrapment of smaller fallout particles by soil

material of larger particle size. In the case of Priscilla samples where the percentage

of less than 44 micron fallout was larger, the fine material was distributed somewhat

I, uniformly over the entire particle size range. In the case of the Boltzmann samples,

the distribution of fine material was masked by variations in the distribution of larger

particle sizes representing the majority of the total radioactivity. In both cases, more
than one-half of the less than 44 micron fallout material in the soil samples was asso-

ciated with particle sizes larger than 44 microns.

3.3.2 Particle Size Distributions at Different Distances from Ground Zero

Sampling by GC's was sufficiently complete across the patterns on four shots to

determine the total fallout particle size distribution at various distances from ground

zero. The activity of each particle size range was integrated across each arc and the

total particle size distribution, determined on the basih of the integrated values. The

"total particle size distributions' of Shots Boltzmann, Priscilla, Smoky, and Whitney at
various distances from ground zero appear in Figures 3.8, 3.9, 3. 10 and 3. 11, respec-

tively.

All four shots demonstrated increasing percentage contributions of the smaller

sizes to total activity with increasing distance from ground zero. However, the balloon

Shot Priscilla differed markedly from the tower shots with respect to the occurrence of

the larger particle sizes; sizes greater than 44 microns in diameter comprised less

than 50 percent of fallout at distances as close as 18 miles from ground zero in the case

of Shot Priscilla.

tively short distances from ground zero for both tower and balloon mounted shots is of

particular interest since it cannot be predicted on the basis of free-fall expressions.

In contrast, the percentages of the 44 through 88 micron fractions were generally

minimal at such distances.

3.3.3 Total Particle Size Distributions in Fallout Patterns

Estimates of total particle size distributions within the limits of one mile from ,

ground zero to the distances at which fallout arrived at H + 12 hours were obtained by
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graphically integrating the integrated arc radioactivity values of individual particle size

ranges along the fallout midline as described in Chapter 2. The percentage contribu-

tions of the fallout fractions of various particle sizes, from Shots Boltzmann, Priscilla,

and Smoky derived in this manner are tabulated in Table 3. 1, The two tower shots had

similar particle size. ditributiono with app .. ximately seenty p.ercent of the. fallout

activity associated with particle sizes greater than 44 microns. The balloon Shot

Priscilla had only approximately thirty percent of its fallout activity associated with

such sizes.

TABLE 3. 1 Particle Size Range Contribution to Fallout Deposited

Pct of Total Beta Radioactivity, H + 12 hr
Size Fraction,

Microns Boltzmann Priscilla Smoky,

> 250 0.4 Nil 5.5

210 - 250 1.4 Nil 4,0

177 - 210 6.9 Nil 5.3

149 - 177 18.4 Nil 8.8

125 - 149 24.9 1.5 16.5

105 - 125 8.0 1. 1 10.6

88 - 105 4.3 6.5 8.0

44 - 88 2.7 11.4 17.8
< 44 33.2 73.6 23.6

3. 3. 4 Particle Size Distributions Across Fallout Pattern Arcs

Examples of the distribution of individual particle size fractions across fallout

pattern arcs appear in Figures 3. 12 and 3. 13 where particle size percentages across

the closest Boltzmann (35 miles from ground zero) and Priscilla (18 miles from ground

zero) arcs are presented. The total activity distributions across each arc are also

presented for purposes of comparison.

The Boltzmann arc and, to a lesser extent, that of Priscilla demonstrate that

the maximum percentage contributions of the various particle-size ranges occur at

different locations in the traverse across the arc. Such distributions probably reflect

the contributions of discrete elevation layers with the fallout cloud. The widespread

distribution of less than 44 micron material suggests greater diffusion of smaller par-

ticle sizes within the cloud, relative to the larger size fractions.

Both Boltzmann and Priscilla arcs indicate that the location of maximum radia-

tion intensity, at least in close-in areas, may be characterized by a variety of particle

sizes probably originating from various strata within the cloud rather than a dispropor-

tionately large deposition of a given particle size range originating from a narrow cloud

stratum. The lateral extremities of fallout pattern arcs in general were characterized
by high percentages of less than 44 micron material; balloon shot arcs, in contrast to
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close-in arcs of tower shots, demonstrated relatively high percentages of less than 44

micron material across the entire arc width, partially reflecting the early selective

deposition of the fractions of larger size.

3. 3. 5 Comarison of Deposition of Total and the Less Then 44-Micron Fallout

Priscilla and Smoky

The analysis of GC samples from tower and balloon shot patterns with respect to

fallout radiation intensity and particle size distribution leads to two general observa-

tions: (1) The proportion of the fallout activity in less than 44 micron particles is

greater for balloon shots than for tower shots, i.e., the larger sizes are less plentiful

in balloon shots; and (2) the fallout radiation intensities produced by balloon shots are

lower than those of tower shots at similar locations.

Further quantification of the differences between tower and balloon shot fallout

with respect to level and particle size requires minimization of variables other than type

of support, e.g., yield and detonation height. This requirement is approached by the

Shots Priscilla and Smoky which had similar yields (37 and 44 kt, respectively) and the

same height of detonation (700 feet) Consequently, the effects of the heavy cab and 700

foot steel tower could be compared to those of the light cab and balloon support on fallout

level and particle size at different fallout times if one assumed the interception of the

fireball was nearly the same for both shots.

The total beta radioactivity value and that of the less than 44.micron particle

size fraction for close-in deposition were determined by integration of measured pc/sq

ft values across the two patterns at various distances from ground zero. The integrated

values of (curies/sq ft)(miles) or c/Ot at H + 12 hours are plotted as a function of relative

fallout time-of-arrival in Figure 3. 14. The total beta and less than 44 micron fraction

activities derived from Figure 3. 14 for various fallout times are listed in Table 3. 2.

While the total fallout activities from both shots decreased as a function of fallout

time, the total beta activity values from Shot Smoky decreased at a more rapid rate due

to the higher percentage contributions of larger particle sizes. The tctal fallout activity

levels produced by Shot Smoky ranged from 49 to 22 times those produced by Shot

Priscilla over the H + 1 to H + 15 hour time period. Radioactivity levels of less than

44 microns size fraction from both shots, likewise, decreased with fallout time-of-

arrival. However, in Shot Smoky, the less than 44 micron levels decreased at a

slightly less rapid rate than those from Shot Priscilla; and the less than 44 micron levels

of Shot Smoky ranged from 8 to 14 times those of the Shot Priscilla over the H + 1 to

H + 15 hour time period.
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The percentage contribution of radioactivity of the less than 44 micron size frac-

tion of tfe radioactivity of tfie total sample increased with fallout time-of-arrival
for both ,cIOts. The percentage of Priscilla of less than 44 micron size fraction

was considerably higher than that of Shot Smoky over the entire 1 to 15 hour fallout
time range.

If the data of Figure 3. 14 are plotted as a function of distance from ground zero

rather than time-of-arrival, a graphical integration of each curve yields the number of

curies of contamination. By this method Shot Smoky deposited 76 and Priscilla 1. 46

megacuries (H + 12 hours) of beta activity from H + I to H + 12 hours fallout times.

Similar values of radioactivity in the less than 44 micron fraction from Shots Smoky and
Priscilla are 14.8 and 1. 04 megacuries, respectively. Therefore, Smoky deposited 52
times more total beta radioactivity and 14 times more radioactivity in the less than 44

micron fraction than Priscilla in the H + 1 to H + 12 hour fallout period.

3.4 SUMMARY AND CONCLUSIONS

1. Maximum percentage contributions of different particle sizes occurred at

different locations on fallout pattern arcs. Some locations of maximum dose rates

across a pattern resulted from moderate percentages of a variety of particle sizes

rather than a high percentage of a single size range. Lateral extremities of arcs were

Si' ~characterized by high percentages of less than 44 micron material. I
2. Fallout material less than 44 microns in diameter occurred at close-in arcsV!

as well as at distant arcs while the 44 to 88 micron fraction of fallout material was min-

imal at close-in distances. The majority of fallout activity from the balloon mounted

Shot Priscilla consisted of particles less than 44 microns in diameter as close to ground

zero as 18 miles; larger particles predominated at such distances in fallout material

from tower mounted shots.

3. Within the limits of one mile from ground zero and to distances at which

fallout occurred at H + 12 hours approximately 70 percent of the fallout activity was

associated with particle sizes greater than 44 micron diameter from tower mounted

* shots while the balloon-mounted Shot Priscilla had only 30 percent of the activity asso-

* -ciated with this size range, larger than 44 microns.

4. Within the limits of H + 1 to H + 12 hour fallout time, Shot Smoky deposited

52 times more total beta radioactivity and 14 times more or less than 44 micron frac-

tion beta radioactivity than the Priscilla balloon shot, both of which had similar yields -

and identical detonation height.

5. Variation between duplicate 4. 73 sq ft GC samples compared favorably with

variation among 12 gummed paper or resin plate samples; variations among collector

replicates generally decreased as fallout activity increased.

6. Gummed paper samples, on the average, yielded slightly higher activity per

unit area than GC samples at the same location while resin-coated plates yielded values

considerably lower than the GC.
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7. Soil samples demonstrated entrapment of small particles by soil material of

larger particle size. However, the reliability of unit area activity values derived from

surface soil was affected by time of radioassay due to residual contamination from pre-

vious test series and the resultant differential decay rates.
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CHAPTER 4

RADIATION DECAY PROPERTIES AND ENERGY
SPECTRA OF FALLOUT DEBRIS

4.1 INTRODUCTION

Beta decay and gamma decay constants, the K-value used in the expression

were determined on fallout debris from various detonations. The measure-

raj...-ti were made by gamma radiation recorders located in the fallout patterns and in

the laboratory on samples of fallout material selected according to particle size range,

fallout time-of-arrival, and type of device support,
4.2 PRO CEDDRE

Field radiation measurements were made by portable radiation continuous

recorders (PRAM) set up on various arcs along the predicted path of fallout. See

Appendix A for details.

Samples for decay and energy spectra studies in the laboratory consisted of two-

inch diameter discs cut from gummed paper exposed directly to fallout and from

gummed paper on which particle size fractions obtained from GC's were uniformly

spread, These discs were mounted in plastic Petri dishes and measurements made

as described in Appendix A.

Gamma energy spectra were obtained by measurements of GC samples on a

recording gamma ray spectrometer as described in Appendix A. Calibration was

accomplished using Na' 2, , and 60standards.

4.3 RESULTS AND DISCUSSION
4.3.1 Beta arid Gamma Radiation Decay

4. 3. 1. 1 Gamma Radiation Decay Measurements in Fallout Patterns

were obtained at various locations where fallout deposition was apparently complete by

H + 2 to H I 6 hours in the fallout patterns from Shots Boltzmann, Priscilla, Hood,

Diablo, Shasta, and Smoky. Data from the various locations were normalized to yield

curves descriptive of the individual shots as presented in Figure 4.1.

The decay slopes of the curves from the several shots are variable over short

common time intervals. However, the effective decay r'ites between H + 3 and H + 12

hours, i.e., the slopes of lines drawn between I1 + 3 and H + 12 hour values, are more

similar, with the k-value ranging from -0.96 to -1.27 with a mean value of -1.10 +0.12.
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Laboratory measurements of photon emission rates were not initiated

sufficiently early for comparison with field dose-rate measurements with the exception

of Shot Shasta_ after H + 10 hours and Smoky after H~ + 8 hours. The composite labora-

tory gamma decay curveý, are superimposed on field dose-rate curves over the

appropriate time intervals- in Figure 4. 1. The two Shasta curves diverge over the

H + 10 to H + 16 hours common time period while the two Smoky curves doemonstrate

good agreement over the H + 8 to H 4 27 hours common time period. While the data

are toe sparse for firm conclusions, the Smoky curves suggest that dose-rate decline

as measured by the ion-chanber of the PRAM may be approximated by laboratory mea-
surements of photon emission decline at least over certain early time periods.
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4. 3.1. 2 Decay of Different Particle Size Fractions

The results of beta and gamma decay measurements of samnples of different

particle size ranges collected at the same ornaly the 6ame fallout time are presenited

~ I in Figures 4. 2 (Boltzmi-ann), 4.3 (Priscilla), 4. 4 (Smoky), and 4. 5 (Whitney). -
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The beta decay curves of fallout debris of different particle sizes from

individual shots are very similar for the most part, including those fractions which

were separated by magnet and are labelled magnetic and nonmagnetic fractions

(Boltzmann), see Chapter, 5 for details. Slight differences in slope over common time

periods are apparent in the Whitney decay curves, which demonstrate a tendency for

more rapid decay with decreasing particle size over the intervals of H + 444 to H + 800

hours and H + 4100 to t1 + 6000 hours. A trend of this type could reflect the effects of

gfoos, energy fluctuations upon different particle self-absorption rates; however,

similar trends are observed in corresponding gamma decay slopes where absorption

should be negligible.

The observed differences in beta slopes over common time periods are of the

order to be anticipated from the radionuulides determined by radiochemical analysis of

different particle size fractions. In Figure 4. 6, the observed beta decay curves of

Priscilla fallout samples. (Figure 4. 3) are compared to values derived from the D + 30

day radiochemica.l analysis of duplicate samples (See Appendix D).

' ' ' ' ' ' 'I ", , 11, ,,1 , ,

29?-350p&

"O-OERVED OECAY

a CALCULATED DECAY

177-210/* •

12 5-149p~

Z ~0-44pi

z_.

I I l._~ i~ lI mim,, i
1
l a

100 1000 Io000

TIME, H+NOURS

FIGURE 4.6 Observed and Calculated Beta Decay of Priscilla Fallout of Four
k' P:•article Size Fractions.
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Calculations were based on the inclusion of daughter products, an estixrmation of the
143 141

quantity of Pr on the basis of equivalency to Ce at D + 30 days (Reference 1),
106

and no detection of the 0. 04 Mev beta of Ru6. Radionuclides of barium, cerium,

praseodymium, ruthenium, strontium, yttrium, zirconium, and daughter products

accounted for approximately 95 percent of the activity observed at D + 30 days, and the

calculated decay curves approximate the observed curves with the exception of the

125-149 micron size fraction. The general similarity of the beta decay curves of

different size fractions and the lack of radiochemical concurrence suggest that the
125-149 micron decay sample was not representative of that size fraction. Further,

the agreement between observed and calculated decay indicates that differences in

content of individual radioisotopes of the order of a factor of two among different parti-
i' cle size fractions will not produce detectable differences in decay curves where a

large number of contributing isotopes are involved.

The observed gamma decay slopes of different particle size fractions from

individual shots generally tend to be more variable than corresponding beta decay

slopes but distinct families of curves were observed for each shot.

4.3.1.3 Decay of Particles with Different Arrival Times

Fallout material of the same size fraction collected at different fallout times

wihin the pattern of a specific shot produced very similar decay curves. Beta and

gamma decay curves of <44 micron fallout fractions collected at five fallout times in
the Priscilla pattern and at eight fallout times in the Hood pattern are presented in

Figures 4. 7 and 4. 8, respectively. These gamma decay slopes generally are more

similar than those for particles of different size.

4.3.1.4. Composite Decay, Curves of Individual Shots

The general similarity of decay curves of different particle sizes and of

different times of fallout permits the construction of beta and gamma decay curves

which are based upon the normalized data of the various measurements obtained and

upon characteristics of individual shots. Where decay measurements were not obtained

over specific time intervals, decay curves were continued on the basis of the normalized

slopes observed for the other shots. The composite beta and gamma decay curves,

with slope designations applying to different time intervals, appear in Figures 4. 9 and

4.10 respectively.

The beta decay curves of Figure 4. 9 represent six tower mounted shots (Diablo,

Fizeau, Whitney, Smoky, Shasta, and Boltzmann) and two balloon mounted shots (Hood

and Priscilla). With the exception of the Hood curve that has slopes of <-I over the

time interval of H + 100 to H + 700 hours, the curves are generally similar and approx-
imate the -1.2 slope to the time of H + 1000 hours. After H + 1000 hours, the decay

tends to be more rapid than would be indicated by T 1 "2 . The dissimilarity of the

Hood curve is presently unexplained. Radionuclide analyses were not performed.
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The gamma decay curves of Figure 4. 10 represent five tower mounted shots

(Boltzmann, Whitney, Smoky, Shasta, and Diablo) and two balloon mounted shots

(Priscilla and Hood). In addition to laboratory measurements, mean values derived

from the PRAM'S were included to permit extension of the decay curves from fallout

time to time of station recovery.

The gamma decay curves for individual shots are generally n.ore dissimilar

than corresponding beta decay curves with the exception of the Smoky and Shasta

curves. All curves are characterized by slopes of more rapid decay than -1.2 over

the time interval from H + 200 to H + 700 hours, with the exception of the Hood curve

where slopes of approximately -1. 0 are observed. Beyond H + 1000 hours, the rate of

decay tends to increase, to slopes of the order of -3. 0.

4.3.1.5 Composite Plumbbob Series Decay Curves

Based on the beta curves presented in Figure 4. 9 (with the exception of Hood)

and the gamma curves in Figure 4. 10, composite beta and gamma decay curves

descriptive pf the Plumbbob series are presented in Figure 4. 11. A theoretical curve

that was derived by Hunter and Ballou and based on the slow neutron fission of U235 is

included to illustrate the nature of slope variations to be expected for experimental

data in contrast to the generalized decay slopes of -1. 2.

The beta decay curve is characterized by negative slopes of less than 1. 2 from

H + 9 to H + 18 hours, slopes approximating -1. 2 from H + 18 hours to H + 1000 hours,

and slopes greater than -1. 2 from H + 1000 to H + 10, 000 hours. The gamma decay

curve is characterized by an initial slope of -2. 18 from H + 1 to H + 2 hours followed

by slopes varying from -1.0 to -0.78 from H + 6 to H + 100 hours and slopes of -1. 2

to 1. 68 from H + 100 to H + 3000 hours. Beyond 3000 hours the decays become

increasingly more rapid with a slope of -3.12 at about H + 10, 000 hours. The beta
composite curve has a maximum variation of approximately ± 10 percent due to veri-
ations in the individual curves while the gamma has a maximum variation of about

+ 35 percent.

The Plumbbob composite beta and gamma decay curves were utilized for the

extrapolation of experimental data presented elsewhere in this report (with the excep-

tion of Shot Hood) to common times after shot. Hood radioactivity values were extrapo-

lated on the basis of the Hood beta and gamma decay curves appearing in Figures 4. 9

and 4.10.

4.3.2 Beta-to-Gamma Radioactivity Ratios "

Beta-to-gamma ratios were more sensitive indicators of radioisotopic variations

among fallout samples of different particle sizes or shot derivation than were the decay

curves. Figures 4.12, 4. 13, and 4. 14 present beta-to-gamma ratios of different size

fractions of fallout material produced by Shots Boltzmann, Priscilla, and Whitney,
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respectively, to a maximum time of H + 12, 000 hours. Three general observations

-"-may be made: (1) the curves derived from different particle sizes of the individual

shots generally are similar in shape; (2) there is a tendency for the highest ratios to

be associated with the smaller particle size fractions over the entire analysis period;

and (3) the slopes of the curves are distinctive for each shot.

Figure 4. 15 presents beta-to-gamma ratio curves descriptive of the tower

mounted Shots Boltzmann, Diablo. Shasta, Smoky and Whitney and the balloon mounted

Shots PIriscilla and Hlood. The curves represent mean beta-to-gamma ratios of all

samples analyzed from each shot. Although the tower shot ratios varied considerablyr among themselves, as a group they were consistently lower than corresponding balloon
shot ratios after H + 1500 hours. It should be noted, however, that the majority of
balloon shot fallout samples was of the less than 44 micron size fraction which tended

Y to have higher ratios regardless of origin, as described above. In general, the beta-

to-gamma ratios were less than one from H + 70 to H + 350 hours, approximately one

from H + 350 to H + 3000 hours, and increased to approximately three from H + 3000
to H1 + 12, 000 hours.

4. 3.3 Gamma Energy Spectra

shot Since a single channel analyzer with a continually decreasing baseline was used

to determine the gamma spectrum of the selected samples, there was a loss in resolu-

tion between the energy peaks of the large number of radioisotopes to be found in fallout

material. Therefore, it was possible only to separate the gamma spectrum into ranges

of energy.

From five to eight samples of different particle size and/or fallout time from

each of five shots were analyzed periodically from H + 100 to H + Uc00 hours, Differ-

ences in gamma energy spectra were not detectable among samples of different particle

size or fallout time from a specific shot; however, differences were detectable among

the several shots. The relative abundances of the various gamma energy groups at

different times after shot, based on mean values of all +hamples analyzed per shot, are

tabulated in Table 4. 1 for Shots Boltzmnann, Priscilla, Hoo'd, Diablo, and Shasta.
Variations in the contributions of the several energy groups among the different shots

are evident, particularly in the 1. 4 to 1. 8 Mev energy range of Shot Hood where rela-
tively high percentage contributions occurred between H + 100 to H + 1000 hours. The

net effect of percentage fluctuations among the different energy groups is illustrated in

Figure A. 16 where mean energy values, derived from Table 4. 1, are presented as a

function of time after each shot. (The Boltzmann curve has been omeitted due to ina-

bility to resolve the high energy oomponent. ) The mean energy curves for Shots
Priscilla, Diablo, and Shasta are similar; values increased from between 0. 49 and 0. 58

Mev at H + 100 hours to approximately 0.p 7 Mev at H + 600 hours and ranged from 0.74
to 0. 87 at H + 3000 hours. In contrast, the mean energy of Hood fallout materials was
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TABLE 4.1 Relative Abundance of Gamma Energy Groups Versus Time in Fallout Samples.

2entages are averages of measurem;r.vfs made on all samples per detonation. ND, radiation level
low for reliable measurement.

Time Energy Range, Mev

H + hr 0.1-0.2 0.2-0.3 0.3-0.4 0.4-0.6 0.6-0.7 0.7-0.8 1.4-1.8

Relative Abundance, Pet.Shot Boltzmann

300 21.3 8. 1 19.4 32.8 ND 19.0 ND
400 21.1 7.6 15. 2 32.3 ND) 23.9 ND
600 19.9 6.7 11.0 29. 8 ND 32.6 ND
800 18.6 5.9 8.3 27.5 ND 39.7 ND

1000 17, 5 b. 3 6, 6 25.4 ND 45.2 ND
1500 15.1 4.2 4.2 21.0 ND 55.6 N D
2000 13.3 3.5 2. 8 17.9 ND 62.4 ND
2500 12.1 2.9 2.1 15.5 Ni) 67.3 ND

3003 11.0 2.9 1. 7 13.8 ND 71.1 ND

Shot Priscilla

100 32.7 ND 16.6 17.3 8.5 16.7 8.5
200 25.9 ND 13.8 20.7 9.5 18.0 12.2
300 22.4 ND 12.1 22.5 9.9 18.4 14.7

400 20.2 ND 10.9 23.6 10.2 18.6 1.66
o00 17.4 ND 9. 24, 9 10.3 18.6 19. 5
800 15.6 ND 8.3 25.7 10.4 18.4 21.7

1000 14.3 ND 7.5 26.2 10.3 18.2 23.5

1500 U.t22 ND 0. 2 26.9 10.3 17.7 26.7
N2000 11.0 ND 5.4 27.2 10,1 17,2 29.2

2500 10,.0 ND 4. 9 27,.4 9., ) 16,.7 31,.1

3000 9.4 ND 4.4 27. 5 9. 8 16.3 32. 6

Shot Hood

10U 10.1 5.7 ND 14.8 2.2 2.1 65.2
200 11.7 6.2 NID 18.9 3,4 4. 5 55.3
300 12.4 6.4 NJ) 21.4 4.4 7,0 48, 5
400 12.7 6.4 ND 23.0 5.2 9.2 43.4
600 12.8 6.3 ND 24.7 6.3 13.5 30.4
800 12,7 6.1 ND 25. 6 7.2 17.2 31.3

1000 12.4 5.9 ND 25.9 7.8 20. 5 27.5
1500 11. 5 5.3 ND 25. 7 8.8 27.4 21.2
2000 10.6 4.9 ND 25.0 u.4 33.0 17.2

2500 9.8 4.4 ND 23.9 9.6 37.0 15.5
3090 9.3 4.1 ND 23.3 10.0 41.0 12.3

k Shot Diablo

, 100 29.4 14.2 15. 3 .). 9 7.9 12.0 11.3
200 25.4 10.5 12.0 12.6 7.2 1 8.0 14.3
500 22.9 8.6 10.0 14.0 6.5 22.2 15.8

400 21.0 7.4 8.7 15. 0 6.1 25.2 16.7
600 1,. 2 5.8 6.9 16.0 5.3 30.0 17.8
800 16.3 4.8 5.9 16.7 4.8 33 z 18.4

1000 14.9 4.1 5.1 17.1 4.4 35.8 18.5
1500 12.4 3.1 3.9 17.5 3.7 X0.4 18.9

2000 10.8 2.5 3.2 17.! 3.2 13.7 19.0
2500 9,.'? 2.1 2. 7 17.1, 2.9 46. 2 18. 9
3000 8.9 1.8 2.4 17.1. 2.6 48.1 18.7

Shot Shasta

100 13.2 22.1 19.9 8.1 8.4 13.6 14.7
200 14,6 10.8 13.6 11. G 12. 6 19.3 17.5
300 14.5 6.6 10.2 13.4 15.2 22.1 A!. 0
400 14. 1 4.5 8.2 14.5 17.0 23.8 18..1
600 13.3 2. ' 5. 8 15. 6 19.3 25.)8 17.7
80 12.5 1.7 4.5 16.3 20. 9 26.8 17.4

1000 11.9 1.2 3.7 16.9 22.1 27.5 16.5)

1500 10.7 0.7 2.5 17.6 24.1 28.5 15.!9
"2000 9,9 0.4 1. !9 18.0 25.6 29, 1 15.1
2500 9.3 0.3 1.5 1 V.3 26.6 29.5 14.5
3000 8.8 0.2 1.3 18.5 27.5 29 7 14.6
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approximately twice that of the other shots at H + 100 hours and then decreased to

similar values after H + 1200 hours,

4. 3.4 Comparison of Dose Calculated by Empiric.al Plumbbob and T-1.2 Decay Curves

If the empirical I'lumbbob composite gamma decay curve (Figure 4. 11) is

assumed to approximate the decline in dose rate, as is assumed in the case of the T-1.2

decay curve, a comparison may be made of dosages calculated by the experimental and

T-!.2 decay curves.

Dosage calculations based cn the experimental Plumbbob composite gamma decay 1i
curve are necessarily restricted to the time period over which measurements have been

A •completed, in this case 417 days (H + 10, 000 hours). Dosages to 417 days calculated on

the basis of the experimental curve differ in magnitude from those derived from the

T 2 decay expression depending upon the fallout time. For fallout times of approxi-

mately H + 2 to H + 20 hours, dosages determined by the T'2 expression are lower

than those calculated by the Plumbbob composite gamma decay curve from H + 6 to 100

hours. For example, using an initial relative dose rate of ten at a fallout time-of-
-1.2

arrival of H + 2 iours, an infinite dose of 100 would be obtained by the T curve.

However, the dose based on the Plumbbob curve (Figure 4. i1) would give an infinite

dose larger by a factor of two. The magnitude of difference in dose is illustrated in

Table 4. 2.

TABLE 4. 2 Comparison of Relative Gamma Dose Calculated from Plumbbob Composite

Decay Curve and T-1" 2 Expression.

Based on relative dose rate of ten at fallout time of H + 2 hours giving an infinite dose of
° -1.2

r 100 by T decay.

SRelative Dose

Time Period Plumbbob T- 1 .' 2 DecayRatio
H + hr Decay Curve Curve Plumbbob/T-I2

2-24 76.5 39.1 1.95
2-43 91.5 47.0 1..95
2-720 144.7 69. 2 2.09
2-10, 000 163.1 81.7 2.00

4.3. 5 Implications of Mean Energy Variations

The relativoly higrh mean ,nergy of Hood fallout materials before H + 1000 hours

and the general variatE,i n in mean energy with time suggest that considerable error can

be introduced in the c-culation of gamma megacuries from dose rate depending upon the

shot and time of measurement. This calculation generally is made on the basis that

the uniform contamination of one square mile with fission products having an average

energy of 0. 7 Mev will result in a radiation field of approximately four r/hr intensity at
three feet above the ground surface (Reference 3). The dose rate is approximately

I

97 U

M



proportional to energy; and for example, at H + 100 hours, one gamma megacurie per

square mile would have resulted in radiation intensities of about seven r/hr at three

feet in Hood, and three r/hr in Diablo and Shasta fallout areas. Gamma megacurie per

square mile values calculated on the basis of the four r/hr relationship would conse-

quently have been 75 percent high in the case of the Hood shot and 25 percent low i.n the

case of the Diablo and Shasta shots.

4.4 SUMMARY

1. Differences in slopes of beta radiation decay curves derived from particles

of different size and/or fallout time of a specific shot generally differed by less than

several tenths of a slope unit over common time periods. Such variation is of the

order to be anticipated from the radionuclide content of comparable fallout materials.

2. With the exception of Shot Hood, the beta decay rates of eight tower and

balloon mounted shots were similar and approximated a slope of -1.2 to H + 1000 hours

with an increase in rate of decay to -1.5 beyond that time. Shot Hood had a negative

P slope less than one to H + 1000 hours and a slope of approximately -1.7 after that time.

3. The gamma radiation decay rates among the several shots were more vari-

able than corresponding beta decay rates. For time periods earlier than H + 200 hours,

the negative slope was less than one. Between H + 200 and H 4 700 hours, the decay

rate gradually increased and reached a value of -3. 0 at H + 10, 000 hours. The effect

of the deviation in gamma decay rate slopes from -1. 2 was to increase the gamma dose

calculated from instrument reading by a Jactor of two.

4. Ratios of beta emission rates to gamma emission rates were :31milar for

individual shots; larger ratios were aseocihted with smaller particle size. Balloon

shot ratios were generally greater than those for tower shots.

5. in all shots but Hood, the mean gamma energy was approximately 0. 5 Mev

V at H + 100 hours, then increased to 0. 70 Mev at H + 600 hours and ranged from 0. 74 to

0. 87 at H 4 3000 hcurs. The mean gamma energy for Hood samples was 1.17 Mev at H

+ 100 hours followed by a decrease to the same range as other shots.
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CHAPTER 5

CERTAIN PHYSICAL AND CHEMICAL PROPERTIES OF FALLOUT DEBRIS

5.1 INTRODUCTION

In this fourth phase of fallout pattern characterization, the data on the physical,

chemical and radiochemical characteristics of fallout debris furnish a basis for conm-
paring the relative significance of the fallout of balloon and tower mountc:d shots. The
data may also be correlated with levels of the specified rad~onuclides in the tissues of

native and some domestic animals, together with the distribution of these isotopes on or

in the tissues of native plants.

5.2 PROCEDURES

The procedures used for these characteristic studies are given in detail in

Appendix A, Sections A. 3. 3, A. 3. 4, and A. 3. 5.

5.3 RESULTS

Differences in magnetic, solubility, and radiochemical properties were primarily
associated with differences in particle size; thus fallout materials from each shot having

the same size range but different fallout times had similar properties, as did fallout

material of different size fractions greater than 88 microns (or in some cases, less than

44 microns) in diameter. Consequently, the data reported in succeue.ting sections of this

chapter represent mean values based on individual analyses of samples included in the
particle size ranges indicated. The standard deviation figures refer to the distrihution

of individudl cases about the mean. Results of the analysis of individual samples are

tabulated in Appendices D and E.

5.3.1 _Magnetic Properties

The magnetic characteristics of particles of different size fractions from the

Boltzmann, Priscilla, Hood, Diablo, Shasta, and Smoky shots were determined as

described in Appendix A. The individual sample results are reported in Appendix E

and are summarized in Table 5. 1.

Fallout materials of all sizes collected from balloon mounted Shots Hood and

Priscilla were essentially nonmagnetic. The magnetic fraction of tower shot fallout

material greater than 44 microns in diameter ranged, on the average, from 56 to

84 percent. The magnetic fraction of tower shot fallout less than 44 microns in diam-

eter varied from 6 to 12 percent with the exception of Shot Smoky, where the magnetic

fraction of the less than 44 micron fraction averaged 46 percent.

The very low percentages of magnetic fraction of the balloon shot fallout when

compared to high percentage of tower shot fallout suggests that a significant iron con-
tent was derived from tower material, particularly in the larger particle sizes. The
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contribution of iron from soil materials to the magnetic fraction of fallout apparently

was minimal according to measurements made on fallout debris from Shot Priscilla.

Its fireball was reported to have not quite intersected the soil surface. Also, it is

apparent from these results that this method of analysis will not provide data that per-

mit estimates of how much tower material was vaporized and incorporated in fallout

debris.

TABLE 5. 1. Beta Activity Magnetically Separated from Fallout Material

Particle Size Magnetic Fraction,
Range, Microns Pct of Total Beta Activity

Tower Mounted
Boltzmann 44-300 77.0 * 4.2

<44 11.9 • 5.0
Shasta 44-210 56.1 17.0

<44 9.2 6.7

Diablo 44-125 80.2 :L 7.2
<44 6.4 + 2.8

Smoky 88-250 83.6 - 8.7
44-88 80.7 + 8.0

<44 46.3 5.5

Balloon Mounted
Priscilla <500 <0.2

Hood <44 <0. 1

5. 3. 2 Solubility

The data concerning the solubility of fallout material derived from Shots
Boltzmann, Priscilla, Hood, Diablo, Shasta, and Smoky are given in Appendix E,

Table E. 2.

5. 3. 2.1 Solubility Rates

The results of successive one hour water extractions of Priscilla and the mag-
netic fraction of Diablo fallout size fractions appear in Figure 5. 1. The shapes of the

Priscilla curves indicate that the cumulative solubility approached its maximum after

the fourth extraction. The total solubility of fallout debris obtained after the fourth

extraction ranged from 45 to 90 percent depending upon the particle size, of those

obtained with a single one hour extraction. Successive extractions were leas3t effective

in removing additionail radioactivity from smaller particles; or, in other words, the

initial extraction removed a greater percentage of the total extractable radioactivity

of sinall particles than of larger particles.

"The corresponding curves for successive one hour water extractions of Diablo

fallout size fractions are incre variable in shape, which was probably a result of the

low solubility percentages involved (less than 0. 6 percent of the total beta activity
after the fourth extraction). Cunnmulative total solubility of fallout debris obtained
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with the fourth extraction ranged from 20 to 96 percent of those obtained with the
single extraction, a range which is not greatly different from those observed with

Priscilla samples.

z PRISCILLAiIl

. ....-- 105-125,,i ,, 80 .- " 88-105

>6 125-149

044-8
40-

o 20-

W.

I,-

o DIABLO

t >. I00 44-88

80 - -88-105

105-125_j60-

40
-0-44

20 f - - -- 0-44

23 4
WATER EXTRACTION NUMBER

Fgure 5. 1 Cumulative Increase in Water Solubility of Selected Priscilla and Diablo
FaoRga-mples as a Function of the Number of Extractions.

The results of successive 0. 1 N HC1 one hour extractions of Priscilla and Diablo

fallout size fractions are presented in Figure 5. 2. The shapes of the Priscilla curves

indicate that the cumulative solubility was more complete with the fourth acid extraction

than with the fourth water extraction, The cumulative solubility of fallout debris obtained

after the fourth extraction of Priscilla particles ranged from 10 to 22 percent of those

obtained with a single extraction.

'The acid- extraction curves of Diablo fallout materials are similar to the water-

extraction curves in that the cumulative solubility of fallout debris ranged from 48 to
90 percent of th:;se obtained with a single extraction. The shapes of the curves suggest

that, in some cases, coniirnued extraction would have yielded solubility in excess of

100 percent of those obtained with a single extraction. Trends of the effect. of particle

siize on extractability are not apparent.
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5. 3. 2. 3 Solubility of Tower and Balloon supported Shot Fallout

The net solubility percentages of different size fractions of fallout from Shots
Priscilla, Hood, Boltzmann, Shasta, Diablo, and Smoky, after accounting for the dif-

ferent solubilities of magnetic and nonmagnetic components, are summarized in Table

5.3.

TABLE 5. 3 Solubility of Fallout from Tower and Balloon Mounted Shots

Particle Size Solubility, P2 t of Beta ActivitaShot Fractions, Microns• 0. 0

Balloon mounted
Priscilla 297-500 31.3 + 1.2 99. 2 ± 3.8

<297 14.2 13.0 65.9 +: 4.5

Hood < 44 14.5 +2.3 61.8 -4.4

Tower mounted

Boltzmanna 44-300 0,4 + 0.2 5.0 + 1.2V< 44 !.2 1•0.4 35.1 + 8.1

Shasta 44-210 0.2 +0, 1 4,6 +•0.8
< 44 1.7 +-0.2 21.1 + 3.1

Diablo 44-125 0.4 10.2 4.0 + 0.1f
<44 1.6 0.6 14.0 + 2.4

Smoky 88-250 0.4 Ž0.2 20.3 1 2.0
44- 88 0.9 10.,2 28.0± 5.3

< 44 2.0 *0.4 36.3 1 3.0

aBased on magnetic fallout only.

The data indicate the following observations:.

(1) The solubility of tower shc-t fallout tended to increase with decreasing particle

size while the opposite was true of balloon shot fallout.

(2) The solubility of tower shot fallout in water was 2 percent or less, depending

upon the particle size; the water solubility of balloon shot fallout was approximately 14

percent for the less than 44 micron size fraction, the predominant Size.

(3) The solubility of tower shot fallout in 0. 1 N. HIC1 was approximately 5 percent

for particle sizes greater than 44 microns with the exception of the Smoky fallout which

averaged 24 percent solubility in acid. The acid solubility of less than 44 micron

fraction tower shot falloot was more variable and ranged between 14 and 36 pereent. I
V •%,The acid solubility of balloon shot fallout was of the order of 65 percent for its precdow-

inant particle size, less than 44 micron fraction.
5.3.3 Analysis of Fallout Samples for Seven RIadionuclides

Samples of different particle sizes derived from the tower mounted Shots B1oltz nann,
Diablc, Sthste, and Smoky and the Priscil!a balloon shot were analyzed foro radio-

nuclides of bariumr, cerium, cesium, ruthenium, strontium, yttrium, and zirconiumin

The results are reported in terms of percentage of total beta activity at 1) + 30 days. .4
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Values for specific radioelements were extrapolated from date of analysis to D + 30 days

on the basis of experimentally determined decay values. Based upon the experimental

decay curves and published values of decay rates, Ba 140, Cs 136, Sr89, Y 9 and Zr95

were determined to represent approximately 100 percent of the respective radioelement

percentages at D + 30 days. The experimental decay curves of separated cerium and

ruthenium indicated that mixtures of these radionuclides were involved in both cases.
Similarities in radioelement percentages were generally observed for particle sizes ,

greater than 88 microns in diameter for individual shots. Consequently, the primary

data tabulatedinAppendixDhavebeen summarized in succeeding sections in terms of

the less than 5 (where analyzed), less than 44, 44-88, and greater than 88 micron size

fractions.

5.3.3.1 Radionuclide Analyses of Fallout from Four Tower Shots and Priscilla

The results of radionuclide analyses of tower shot (Boltzrnann, Dakblo, Shasta, and

Smoky) fallout samples are presented in Table 5. 4. Fractionation trends with respect

to particle size were frequently not certain due to the magnitudes of standard deviation

values. However, based on mean values, the data indicate the following observations:

(1) All shots except Boltzmann demonstrated increasing Ba 14 0 percentages with

decreasing particle size. The average Ba140 percentages of the less than 44 micron

-' "and the less than 5 micron size fractions were larger than those of the greater than 88

micron material by as much as 22 percent (Smoky) and 50 percent (Smoky, Shasta),

respectively,

(2) The average Cel41+Ce-Pr1 4 4 percentages tended to decrease with decreasing

particle size; Ce +Ce-Pr percentages of the less than 44 micron fraction were as
much as 20 percent (Boltzmann, Smoky) less than those of greater than 88 micron

fraction.

(3) The Cs1 3 6 percentages were of the order of 0.2 percent, but extremely low

values precluded further analysis.

(4) Radioruthenium values demonstrated the greatest percentage differences among

the several tower shots: the Boltzmann Ru1 0 3 106 percentages were approximately

three times greater than those of corresponding particle sizes of the other shots. The

h Rul0 3 , 1 percentages tended to increase with decreasing particle size; the less than
44 micron percentages were 50 to 130 percent more than those of the greater than 88

micron material (Smoky, Diablo, Shasta).

(5) Strontium 5 9 ' 90 percentages were of the same order of magnitude as thosc of

Ru 106 and demonstrated similar fractionation in favor of the smaller particle sizes.

The less than 44 micron fraction percentages were approximately 85 percent more than

those of greater than 88 micron material. The Sr 6 9 ' 0 percen'rges of the less than 5

micron fraction were approximately 15 percent mote than those -•f the less than 44

micron fraction of which it is a part.,
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'TABLE 5.4 lRadionuclide Content of Fallout Materia! According to Partice l e Frations

NS, not significant at time of analysis

fBoltzmann Diablo Shasta Smoky Priscilla

', Particle size, microns 88-149 88-350 88-500 88-1000 88-500
No. of samples used foen mean 3 11-12 38-54 37-43 12-14
Rladlonuclide, Pct of sample

i beta activity, D + 30 days

Ia. 15.5 + 1.8 12.9 + 1.1 13.0 j 2.7 11.7 * 2.6 17.7 + 1.8SB1410 4
141 1 '20.9 • 1.0 U 17.2 + 2.8 15.9 j 2.5 19.-4 t 3.1 16.5 ± 1.9cel 4+ Ce-pr14

Cs 0.24 L 0.05 0.15 + 0.03 NS N S 0.00 + 0.01

fl u 03 5.2 + 3.2 1.5 j 0.2 1.2 + 0.4 1.3 + 0.5 7.2 + 3.3
•,St.8 •9 1.7 .: 0.47 1. 3 + 0,2 1.3 :• 0.4 1. 3 :• 0.4 2 6 .8 0.3 "

V' ,91 9.0 1 .I 1 9.9 1 1.3 9.6 1.3 10. 3 1,0 14.7 2.1 i

Zr1. 8.7 1.6 0.0 U 1.8 7.4 + 1.2 7.0 6 0.7 3.8 i + 1.3

Pet of total beta activity (1) 82 52 49 .2 03

Particle size, niirons 44-88 44-88 44-88 44-88 44-88
No. of samples used for mean 1 4 10-13 6 5
Iladion uc lide, Pet of sample

Sbeta activity, D 1- 30 days 1.0

lat
1 4 0  

14.5 13.1 + 1.1 12.6 1.3 11.8 * 1.0 17.3 *1.88

(14 1+ 4SCeI41Ce-Pr14 17. 7 It. 6 +- 5,1 16.8 9 1.81 18.9 .+ 4.0 13, 1 1.5:.7

Cs136 8.24 0.16 1 0.04 NS NS 0.05 + 0.03

R 103,106 3.4 1.0 6 0.3 1,5 + 0.2 1.3 • 0.3 U.4 + 2.7

St' 1.1 185 00 0.2 1.2 + 0,2 1.5 - 0.3 3.,11 1.2

Y 9.1 10.0 .± 1. 4 V.2 2 1.1 10.7 + 0.B 13.7 + 4.5

9.1 9.1 2.2 7.4 - 1.0 01.7 . 1,0 3.0 8 0.0

Pet of total beta activity (t) 5G 55 49 51 6121 Particle size, micr'ons ý44 .44 <44 <44 <44

No. of stiuples used for' mean 3 4 11-15 6 6
IladionucIlie, Pt't of samnple

', [ beta activity, D + 30 days
R u '•i }1 ,t0 15 . 1 0. 0 5 1 1 ., + 0 . 81 1 4 . U -- 1 . 5 1 4 . 3 , : 1 . 1 18 . 6 + .I C13 Ct-, 4 I H. 1 1..4 17.2 + 2.4 1.4.1) . 1. 1 1..2 + 1.0 1:1.4 + 2.,4

Cs 0.23 0. 0.13 0. 161 0.01 NS NS 0. 11 a 0,03

Itu 8 , 1,5 2. 110.3 2.8 + 0.5 2,0 1 0.03 11.10 a 1.7
i I S8U, goSr

8 9
' 2.1 + 1.0 2.,4 0.2 2.4 * 0.5 2. 7 + 0.3 G1.4 + 0.0

Y 103 3 0.7 11.5r 0.6 11.0 + 1.0 13.1 61. 13,5 2.3

Z1. 05 I1.1 0.2 7.D 0.1) Ii., U 0. 1 6.3 0.8 4.2 - 0.,1

Pr) of total beta activity (r) 60 561 52 55 67

Pal'i sIlE ruz.', ni..lOs .,5 5 s.5 <5
No. of sanmples tased for in ran 0 0 4-1 4-6 0

Ba.) lladionuclid', Pct of sampheI,'' bet. activity, I) 1 30 days
HIa

1
41) 1.. 19.1i 17.3 ±. 5.0 --

(. c1414 Ce-1Q
4 4  

.... 14.1 j 2. 1I(1. 5 2.7 --

CH I NS NOS-
l1u

1
01111 .... 2.' - + 0.9 1.5 + 0.2 --

S ' 119,0 .. . 2. t + 0.41 :3. 1 . 0.3 --

y' l .... 1O~t•0.) 2.3 11.8 F 2.) --6

Zrt 15 .... U.(; . 0.3 6.,4 4 0.5 --

1vt'' of total bltit activity (•) .... 516 57
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(6) The percentages increased with decreasing particle size in all cases but

to quite different degrees. The Sr ' percentages of the less than 44 micron fraction

were more than those of the greater than 88 micron fraction by 4 to 27 percent.

(7) The Zr percentages decreased with decreasing particle size; the percentages I
of the less than 44 micron size fraction, 10 to 15 percent, were lower than those of the

greater than 88 micron fallout material.

Radionuclide percentages from the balloon mounted Shot Priscilla are also presented

in Table 5.4.

The Priscilla radionuclide percentages of Ba Ru 106 89, and Ce 4 1 +Ce-

Pr 1 4 4 indicated the same trends of fractionation with respect to particle size as those

described above for tower shots. The Bal 4 0 , Ru 1 ()3 ,!06, andSr 8 9 percentages of the

less than 44 micron size fraction were 5, 53, and 129 percent, respectively, more than

those of the greater than 88 micron fraction. The Ce 14 1 + Ce-Pr 14 4 percent of the less

fIA I than 44 micron fraction was 23 percent lower than that of the largest size group. The

Y and Zr 9 5 demonstrated slight fractionation trends opposite to those of tower shots.
SSelected particle size fractions, previously analyzed for Sr8,0(total radiostrontium),SS89, 90

from various locations within the Diablo, Shasta, and Smoky fallout patterns were

90
analyzed for Sr content approximately one year following the conclusion of the Plumbbob

Test Series. The results of these analyses appear in Table 5.5 in terms of Sr 9 0 per-

centages of total radiostrontium and total beta activity at D + 30 days.

TABLE 5.5 Percentages of Total Radiostrontium and of Total Beta Activity at D + 30 Days.

No f Pet Sr 9 0 Pet of Total Beta Activity.
Size Fraction, Sr9u of Total I5aV -..
Microns Samples Radiostrontium Sr Activitya Sr90

Shot Diablo

88-500 13 2.7 +0.55 1.3 I 0.16 (0.035
44- 88 4 1.7 +0.35 1.5 ý0.20 0.026

< 44 8 2.0 10.61 2.4 10.220 0.048

Shot Shasta

88-500 6 3.4 ± 1.15 1.3 1 0.35 0.044
44- 88 7 3.1 +0.67 1.2 1 0.23 0.037

S44 10 2.0 +0.49 2.4 +:0.50 0.048

Shot Smok,

88-210 4 2.6 + 0.85 1.3 4-0.36 0.034
44- 88 5 3.1 ± 1.3 1.5 +0.27 0. 047

< 44 6 3.4 ± 1.6 2.7 4. 0.32 0.092
5 5 3.5 ± = .6 3.1 0.27 0.1

aMean values from Table 5.4
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Fractionation of Sr with respect to particle size was not detectable with the

possible exception of Smoky samples where mean S percentages of total beta activity

increased as particle size decreased. Strontium 90 percentages of total radiostrontium,

however, are associated with relatively high standard deviation values; and fractionation

trends with respect to particle size are more reliably indicated for total radiostrontium,

which was primarily Sr 8 9 at D + 30 days.

5.3.3.2 Tower versus Balloon Shot Radionuclide Percentages

Similar percentage values for specific radionuclides among the same size fractions
of the different tower shots permit the determination of mean percentage values des-

criptive of tower shots in general. These values, derived from the data appearing in

Table 5.4 are presented in Figure 5. 3 in conjunction with the radionuclide percentages
of Priscilla fallout samples.

. 20 -I'

.20 - BALLOON SHOT, PRISCILLA

TOWER SHOT MEAN

S16-

-0

I..

Lu 001 000 1 0 €001 .001 €0 0 01"

N 1. II I I II ,

't1,''0 V0 10 V0 001

8o140 Ce1 4 1 + Ce - Cs13 6  Ru10 3 ,10 6  Sr 8 9 , 9 0  Y91 Zr 9 5

Pr 144

Figure 5.3 Comparison of Radionuclide Percentages of Different Particle Size Fractions
of Tower and Balloon Shot Fallout.

The comparison of mean tower shot percentages to those of Shot Priscilla indicates

that for corresponding size fractions: Priscilla radionuclide percentages were approxi-
mately 30 percent higher for Bal 4 0 ; 11 to 38 percent higher for Ce14 1+Ce-Pr14 4 ; 300
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103, 106 89to 400 percent higher for Ru 250 percent higher for Sr8; 20 to 50 percent -

higher for Y 9 1 ; and 50 percent lower for Zr than the corresponding percentages of

tower shots.

5.3.4 P__.Lsical Characteristics

The shape of all fallout particles observed tended to be spherical with frequent pro-

trusicns. Exun Dvles of particles larger than 88 microns in diameter from Shots Hood,

Pris(cflla, Diablo, and Silasta appear in Figure 5.4. Examples of particles less than

44 n:., ,,ns in diameter from the Boltzmann shot appear in Figuie 5.5 in conjunction

with r.'ound zero soil material of the same size fraction. Spherical particles as small

"as several microns in diameter were detectable in contrast to the predominantly

angular particles of ground zero soil.

I,

BALLOON (HOOD), 350-500 u BALLOON (HOOD), 350-500u BALLOON (PRISCILLA), 350-500 u
TRANSLUSCENT TRANSLUSCENT TRANSLUSCENT

S.) e= ) *' E€ '

TOWER (DIABLO), 105-125 u TOWER (SHASTA), 88-105 u TOWER (SHASTA), 105-i25u
OPAQUE OPAQUE TRANSLUSCENT

ge 5. 4 Examples of Translucent and Opaque Fallout Particles from Tower andBal~_S~ts. ,
Particles orginating from Shots Diablo and Shasta demonstrated two general appear-

ance gr'-ups; those which were opaque and those which were transparent or translucent

(Figure 5.4). Opaque particles varied in color from black to dark red with smooth,
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highly vitreous to rough, lusterless surfaces. Transparent and translucent particles

were generally colorless with smooth, vitreous surfaces. These particles generally

contained large numbers of internal bubbles.

1ý4
~~L I :.. r

tI

AA

A4 . ..

I Itt

_F_ ___e5. Particles less than 44 microns in Boltzmann surface ground zero soi!(A
and oltzannfallout samples (B) from about 80) mileS frlom ground ZerO. One gridi
uieqiaetto ten microns. (Photographs by LRL).
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The distribution of the various types of opaque as well as transparent particles was

determined for a Diablo fallout area by classifying all particles in successive micro-

scope fields. The results appear in Table 5.6. Opaque particles comprised 70 percent

or more of the total number of radioactive particles. The predominance of opaque

particles in tower shot fallout materials in general was estimated by a less precise I
inspection of samples from other tower shots.

TABLE 5.6 Particle Distribution According to Appcarance anti Size

Pirticles collected at GC Station 14. 2 miles from ground zero, 5.8 miles east of midline, Shot Diablo

Particle Size Range,_microns __

Appearance 1000-509 500-350 350-207 297-250 250-210 210-177 177-149 149-125 125-105 105-88 88-44

Pet of Number of Particles Observed per Size ltangc

a-'k, rough 31.1 92.1 67.4 48.6 44.3 38.2 58.3 42.0 44.1 62,6 42.0

black, smooth 23.4 0.0 17.4 14.9 9.8 16.7 15,3 11.5 12.5 10.5 21.7

dark re- 33.8 32.2 13.0 33.8 31.2 23,5 19.4 16.0 26,5 23.4 28.1

SUBTOTAL 88.3 94.3 07.8 07,3 85.3 78.4 93, 0 89.5 53.1 98.5 80).8

Transparent 1.3 3.4 0.0 0.0 9.8 6.9 1.4 13.5 9.3 0.6 5.8

Other 10.4 2.3 2.2 2,7 4.0 14.7 5.8 17.0 7,6 2.0 4.4

In contrast to tower shot fallout, inspection of fallout materials derived from the

balloon mounted Shots Priscilla and Hood indicated that transparent or translucent

particles comprised virtually 100 percent of the particles present (Figure 5.4). The

particles were generally characterized by internal gas bubbles.

5.3.5 Specific Activity per Particle

The different types of opaque particles and transparent particles collected at
different locations within the Diablo and Shasta fallout patterns were isolated and
analyzed for beta radioactivity. The particles were analyzed in groups and values of

the mean activity per particle were determined. The mean values, thus obtained, were
variable; and no consistent relationships were observed among the different types of .
opaque particles or with respect to fallout time-of-arrival. However, differences were

detected between the opaque particles as a group and the transparent particles. Table

5. 7 summlarizes the results of analysis of the two types of particles as a function of

particle size for particles produced by Shots Diablo and Shasta. The mean values pre-

sented are weighted on the basis of the number of particles per particle group.

The values of the mean radioactivity per particle of opaque Diablo particles do not i
demonstrate a definitive reduction with particle size, with the possible exception of the

44-88 micron size fraction. Particle sizes from 2000 to 88 microns averaged 1.06

microcuries per particle at H + 12 hours and the 44-88 micron size range averaged

0.31 microcuries per particle at H + 12 hours. Transparent particles averaged 0.11)

microcuries per particle or approximately 20 percent of the particle activities of opaque
particles.
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Opaque Shasta particles in the size range of 250 to 44 microns averaged 0.49 Pc

per particle at F + 12 hours. Transparent particles averaged 0. 17 [Ic per particle or

approximately 35 percent of the particle activities of opaque particles.

L! TABLE 5.7 Radioactivity Per Particle of Different Particle Size Fractions

Total No. ofSize Fraction No. of Particle Beta pe/particle, H + 12 hours
Microns Particles Groups Range Mean

Shot Diablo: Opaque Particles

2000-1000 40 4 0.527-0.994 0.832
1000- 500 29 3 1.056-1.372 1.18
500- 350 20 2 0.846-1.018 0.932
350- 297 16 3 0.736-1.469 1.301
297- 250 23 3 0.850-1.629 1.292
250- 210 22 3 1.029-1.091 1.064
210 177 28 3 0.891-1.013 0.943
177- 149 23 5 0.319-1.170 0.786
149- 125 49 9 0.155-1.062 0.695
125- 105 77 14 0.086-2.941 1.18
105- 88 72 8 0.623-2.228 1.43
88- 44 58 6 0. 122-0. 613 0.306

Shot Diablo: Transparent Particles

2000-1000 8 1 0.258 0.258
1000- 500 1 1 -- 0.051
250- 210 2 1 0.143 0.143
210- 177 3 1 0.C163 0.016
177- 149 1 1 -- 0.232
149- 125 13 2 0. 0505-0.233 0.205
125- 105 20 2 0.140 -0.567 0.354
105- 88 2 1 0.382 0. 382
88- 44 11 1 0. 0452 0.045

Shot Shasta: Opaque Particles

250-210 12 1 -- 0.370
210-177 26 4 0.230-1.69 0.506
177-149 52 2 0.560-0.579 0.570
149-125 55 3 0.335-0.549 0.483
125-105 129 7 0.260-1.45 0.517
105- 88 617 14 0.313-0.965 0.585
88- 44 4751 24 0.163-0.706 0.400

Shct Shasta: Transparcnt Particles

149-125 63 1 -- 0.176
125-105 34 3 0. 101-0. 304 0.243
105- 88 213 5 0.112-0.244 0.176
88- 44 526 7 0.075-0. 146 0.099
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5.4 DISCUSSION

5.4.1 Comparison of Deposition of Soluble Radionuclides by Shots Priscilla and Smoky

The net effect of differential fallout levels, degree of solubility, and radionuclide

percentages of tower and balloon shot fallout upon potential biological availability at

different fallout times may be estimated on the basis of values reported in previous

sections of this chapter.

Shots Smoky and Priscilla are most appropriate for comparison of the two types of

detonation since they were detonated at the same height and had similar yields. The

comparison can be further simplified by considering only the less than 44 micron size

fraction on the basis that this particle size is the most widely distributed and potentially

the most important with respect to biological accumulation.

In the case of equal radioactivity levels of the less than 44 micron Smoky and Priscilla

fallout, approximations of the relative amounts of radionuclides of barium, cerium,

ruthenium, strontium, yttrium, and zirconium, as of D + 30 days, in the original,

acid-soluble and water-soluble forms may be obtained by multiplying the solubility

percentages of Table 5.3 by the radionuclide percentages of Table 5.4. This treatment

of these data assumes minimal radioelement fractionation among the initial or untreated
fallout and water and acid extracts. The results are illustrated in Figure 5.6. The
calculated values indicate that acid-soluble radionuclides derived from the Priscilla less

than 44 micron fallout exceed t:hose from Smoky by factors ranging from slightly in ex-

cess of 1 to approximately 10. Water-soluble radioelements derived from Priscilla

fallout exceed those from Smoky by factors ranging from approximately 5 to 40.

Where equal radioactivity levels of thv, less than 44 micron fallout are considered,

the greater amounts of soluble radionuclides derived from Priscilla fallout in com-

parison to those from Smoky, are opposed by higher fa"1out levels from Shot Smoky at

different fallout times. The integrated total and the less than 44 micron fallout levels

presented for the two shots in Figure 3.14 are compared in Figure 5.7 in terms of

ratios of Smoky and Priscilla fallout as a function of fallout time. The levels of fallout

of all sizes from Shot Smoky exceeded those from Shot Priscilla by factors in excess of

20 for falloutl: times-of-arrival up to 15 hours; the levels of less than 44 micron fallout

from Shot Smoky exceeded those from Shot Priscilla by factors of approximately 8 to 13.

Based on the ratios appearing in Figures 3.6 and 5.7, the relative levels of the

various radionuclides in the initial or untreated form, and in the acid- and water-soluble

forms derived from the less than 44 micron Smoky and Priscilla fallout can be estimated

for the various fallout times. Examples of such calculations appear in Figures 5.8 and
Ba140 an r8f 140. 89)

5.H for Ba140 and Sr89 respectively. The amounts of total Ba and Sr , and acid-

soluble Ba 1 4 0 and Sr to a less degree, derived from Smoky less than 44 micron fallout

considerably exceed those from Shot Priscilla over the I to 15 hour fallout tlme period.

However, the amounts of water-soluble Ba 14 0) derived from Shot Smoky only slightly
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exceed those from Shot Priscilla, and more water-soluble Sr occurs over the 15 hour
fallout period due to Shot Priscilla than to Shot Smoky.

The above examples support the assumption that total fallout radioactivity levels may
be poor indicators of potential biological accumulation of fission products derived from
fallout debris depending upon the applicability of water and 0. IN HCI extractions as
indices of biological availability. If such indices are applicable, low radiation levels
of balloon shot fallout may result in equivalent or greater biological uptake than the
higher levels of tower shot fallout.

5.4.2 Close-in Deposition of Sr 8 9 and Sr 9 0 by Plumbbob Shots

On the basis of data reported elsewhere in this report, the amounts of Sr 8 9 and Sr90

deposited in close-in fallout (one mile from ground zero to the distance at which fallout

arrived at H + 12 hours) in relation to those amounts available for deposition at greater
distances may be estimated for several Plumbbob detonations.

The calculations for each shot were based on (i) total fallout levels from one mile
from ground zero to H + 12 hour fallout time in terms of (mr/hr} (m12 ) at H + 12 hours;

(2) mean pc/sq ft : mr/hr ratios at H + 12 hours (Chapter 2); (3) mean Sr89 percentages
of total beta activity of different particle size fractions at D + 30 days (Figure 5.3)
weighted according to the distribution of greater and less than 44 micron size fractions
in tower shots and the Priscilla balloon shot (Chapter 3); (4) mean Sr9 percentages of

total beta activity assuming no particle size fractionation (Table 5.5); (5) Sr 80 and
- beta activity extrapolations from D + 30 days to H 4. 12 hours on the basis of 53 day

half-life and the composite Plumbbob beta decay curve (Figure 4. 11), respectively;
4 89"(6) production of one gram or 2.77 x 10 curies of Sr per kt, and (7) production of

1. 14 grams or 146 curies of Sr90 per' kt (U235) (References I and 2).

The relative amounts of Sr88 9 and Sr 9 0 deposited within the limits of one mile from
ground zero and H + 12 hour, fallout time appear in Table 5. 8. Tower mounted shots
deposited maximums of two percent of the total Sr 8 9 and seven percent of the total Sr 9 0

theoretically assumed to be produced; balloon mounted shots deposited a maximum of

0. 1 percent of the total Sr89 produced. Consequently, in excess of 90 percent of' the
Sr89, Iproduced by the tower and balloon mounted shots for which measurements were
made was associated with fallout occurring at fallout times greater than H-1 + 12 hours.
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TABLE 5. 8 Estimated Sr 8 9 and Sr 9 0 Deposition from one Mile from Ground Zero to
Fallout Arrival Time of H + 12 Hours

H + 12 hours Pet Deposited
Distance, 89

Shot Yield, kt Miles Sr Sr

Tower mounted Shots

Fizeau 11 160 0.4 1.6
Galileo 11 83 0.8 2.8
Boltzmann 12 213 1.8 6.3

Shasta 17 150 2.1 7.2
Diablo 17 146 1.2 4.3
Whitney 19 87 1.6 5.7

Smoky 44 238 1.7 6.0

Balloon mounted Shots

Wilson 10 92 0.04 --

Newton 12 200 0.004 --

Priscilla 37 260 0.13 --

Hood 74 365 0.008 --

65.5 SUMMARY

"(1) Balloon mounted uhot fallout was essentially non magnetic. In contrast~tower

mounted shot particle sizes larger than 44 microns were 56 to 84 percent magnetic:

particles less than 44 microns were of the order of 10 percent magnetic with the ex-

ception of Shot Smoky where the magnetic fraction was 46.3 percent.

ri] (2) Successive one-hour exposures to 10 ml of water indicated that the total water-

soluble radioactivities removed by four extractions of the Priscilla and Diablo fallout

were 45 to 90 and 20 to 96 percent larger, respectively, than those removed by single

extractions. Four successive extractions of Priscilla and Diablo fallout each with 10 ml

of 0, 1 N NC1 produced total acid-soluble radio.ctlvlties which were 10 to 22 and 48 to

90 percent larger, respectively, than tsoso obtained by single extractions.

Based on single extractions: (a) Tower mounted shot nonmagnetic fallout was 3 to

10 times more soluble in water and 1.3 to 3 times more soluble in 0. 1 N HCI than

magnetic fallout; (b) solubility of tower mounted shot fallout in water or acid increased

with decreasing particle size, and the reverse was true of balloon mounted shot fallout;

(c) the water solubility of tower mounted shot fallout was 2 percent of the total beta

radioactivity or less and that of balloon mounted shot fallout was 14 percent for the pre-

dominant less than 4V micron particle size; (d) the 0. 1 N HCI solubility of tower mounted

shot fallout was 5 percent for, sizes greater than 44 microns (except for 24 percent of

Smoky fallout) and 14 to 36 percent for less than 44 micron particle size; the 0. 1 N HCI

solubility of balloon mounted shot fallout was 65 percent of the total beta radioactivity

for less than 44 micron particle sizes.
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(3) Radiochemical analysis of tower and balloon mounted shot fallout materials

indicated that, as of D + 30 days, Ru 1 0 3 ' 106 and Sr 8 9 percentages of total beta radio-

activity tended to increase with decreasing particle sizes, and Ce 14 1 + Ce-Pr14 4 per-

cer+tages tended to decrease. Fractionation trends with respect to particle size were
140 91,Z 95 90.less definitive for Ba140, Zr9 and Sr

140Priscilla radionuclide percentages were approximately 30 percent higher for Ba

11 to 38 percent higher for Ce4+Ce-Pr 300 to 400 percent higher for RuI 0 3 ' 106

250 percent higher for Sr 8 9 , 20 to 60 percent higher for Y 9 1 , and 50 percent lower for

Zr[ than mean tower mounted shot percentages of corresponding size fractions.

(4) Tower mounted shot fallout particles were predominantly opaque with small per-
centages of transparent or transluscent parLicles. Balloon fallout particles were trans-

parent or transluscent. Opaque particles for Shot Diablo averaged 1. 06 microcurles
per particle at H + 12 hours for sizes from 2000 to 88 microns in diameter and 0.31
microcurles per particle for 44 to 88 micron particles. Transparent Diablo particles
averaged 0. 19 microcurie per particle. Opaque 250 to 44 micron Shasta particles

averaged 0.49 mlcrocurie per particle at H + 12 hours, and transparent particles

averaged 0. 17 microcurie per particle.

(5) A comparison of Shots Smoky and Priscilla, utilizing integrated levels of activity

associated with less than 44 micron fallout, the percent of soluble activity, and percent
of radionuclides, indicated that over the 1 to 15 hour fallout time period the amounts of

water-soluble Ba' 4 0 and Sr deposited by the two shots were similar despite relatively

large differences in the deposited activity of less than 44 micron fractions.

(6) Within the limits of one mile from ground zero and H + 12 hours fallout time,

tower shots deposited maximums of two percent of the total Sr and seven percent of

the total Sr 9 0 produced; balloon shots doposited a maximum of 0.1 percent of the
total Sr8 produced.
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CHAPTER 6

THE BEHAVIOR OF FALLOUT IN THE ENVIRONMENT

A fifth and final phase in characterizing the fallout pattern involves a determin-

ation of the manner and extent to which the initial fallout is redistributed in the

environment. Apart from radioactive decay, the principal variables which seem

likely to affect channes in dose-rate levels and cause redistribution will include: wind;

water, both as rair and surface runoff; thermal agitation; properties of specific soil *

types as they interact with radionuclides of particular physicochemical properties;

and biotic cycling. These environmental factors have a bearing on the extent to which

contamination and recontamination are to be anticipated. When these factors are

measured, the data contribute to undcrstanding the c:tent to which various environmental

factors and time can modify biological availability of certain radionuclides.

6.1 PROCEDURE

6.1.1 Selection of Persistence Study Areas

The fallout patterns resulting from Shots Priscilla and Smoky were chosen for

detailed comparison on the basis of similarity in yield and height of burst and difference

in support of the devices. Sampling locations were selected on the basis of accessi-

bility and their position within the patterns as delineated by Projects 37.2 and 37.2a.

On D + 2 and D + 3 days after these two shots, sampling areas approximately four miles

in length (along the midline) and one mile in width (across the midline) were delineated

by radiation intensity readings taken at 100-yard intervals along both axes by Project

37.1. A microstudy area (persistence station) was selected on the midline within each

delineated area. Four such stations were established along the midline between 68 and

197 miles from ground zero in the Priscilla pattern. Two stations, 99 and 136 miles

from ground zero, were selected in the Smoky pattern. The stations were established

by 1600 hours on D + 3 days and maintained continuously to D + 21 days.

Envirotnmental variables that might differ between the two studies such as

terrain, climate, and biota were greatly reduced by the Smoky pattern tending to over-

lay the Priscilla fallout within the segments of the fallout patterns compared. The

degree of contamination at c.omparable locations between the two shots was five to ten

times greater for Smoky than for Priscilla, permitting easy identification of the sources

of contamination.

Persistence stations were all designated by Roman numerals, i. e., I, III, IV,

and V for Shot Priscilla and VI and VII for Shot Smoky. The extent and nature of fallout

contamination (as determined by Projects 37.2 and 37. 2a) at persistence stations are

summarized in Table 6.1.
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TABLE 6. 1 Extent and Nature of Fallout Contamination at Persistence Stations

Shot PriscilWa Shot Smoky
(24 June, 0630 hrs) (31 August, 0530hrs)

Station No. Ia III IV V VIa VII

Miles from ground zero 68 129 155 197 99 136

Miles from midline 0 1. 0 N 2.0 N 4.0 N 0 0.2S

Fallout time-of-arrival, 4.5 7.1 9.5 9.5 4.5 4.8
H + hrs

Dose rate, mr/hr at H+ 22.5 4.7 • 1.0 2.0 55 27
12 hrs
Unit area activity, .c/sq 32 9.2 ' 8.2 6.3 -'680 -310
ft at H + 12 hrs
Percent <44ýA fraction 80 85 82 78 38
deposited

asee Figure 2.3 (Priscilla) and Figure 2. 7a (Smoky) for locations within the patterns.

6.1. 2 Documentation of Persistence Study Areas

Each persistence study area was documented radiologically by daily beta and

gamma survey meter measurements, a recording gamma radiation monitor (PRAM),

and two, types of film packs. Each area was documented climatologically by a recording
hygrothermograph, a rain gauge, and two recording anemometers (one at 0, 5 foot and

the other at 3 feet above the soil surface). Soil and air levels of fallout radioactivity

were documented by serially collected soil, air, and granular collector samples. Native
animal and plant radio-activity levels were documented by serial sampling of rodents,

jackrabbits, and several plant species. The procedures employed are described in
detail in Appendix A.

A typical persistence study area is diagramed in Figure 6. 1.

6.2 RESULTS

6.2. 1 Microclimatolog,

Continuous measurements of air temperature and relative humidity indicated
diurnal cycleo at all stations with maximum temperature (-15 percent) occurring

between 1200 and 1300 hours (PDT). Minimum air temperature (-32 OF) and maximum

relative humidity (50 to 60 percent) occurred between.0300 and 06.00 hours (PDT).

Rain when present (one' day during both Priscilla and Smoky studies) occurred

at all stations at similar times and intensities.

Minor variations in lateral wind speed existed between the 'various persistence

stations during both studies. The periods of wind activity were similar for all stations

maintained during the same time periods both on an hourly and daily basis (Figures 6. 2
and 6. 3). Maximum wind speeds (-12 to 15 mph) occurred at -1300 hours (PDT).
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VT-iere was a marked reduction in wind speeds measured at 6 inches above the

"soil surface as compared with speeds at 36 inches above the soil surface at all but one

btation. Wind speeds at the 6 inch height were less than 3 mph which was below the
sensitivity of the anemometers used. AA the sparsely vegetated and exposed Station VI,

the wind speeds were similar at both the 6 inch and 36 inch heights.

rGenerally speaking, over an 18 day study period, all instrumented stations tended

to show the same time relationship between daily air temperature, relative humidity,

and laterai air movement: high temperature, low relative humidity, and maximum air

movement at appr'oximately 1300 hours and, conversely, low temperature, nigh relative

humidity, and minimum lateral air movement at approximately 0300 hours.

6.2.2 Persistence of the Radiation Field

Radiation intensity was mea-ured daily between D + 3 and D' + 20 days at each

of tn,, 16 stakes indicated in Figure 6. 1. The 16 values were averaged and used to plot

the dec 4,!' ).' radioac',ie material in the field. Readings were taken each day in a

uniform mann,:., oth with the window cpen and with the window closed at heights of 1

inch and 36 inches above the soil surface. GM-tvpe survey instruments were used for

both studies. Pcause of P shortage of Furvey meters of the type used by Project

37. 2a, it was necessary to uniertake the post-Priscilla studies with a variety of GM

survey instrumenms including the Thyac, Precision 107, and Nuclear 2610A. Readings

were further complicated by the low intensity of contamination. During the post-
Priscilla survey most readings were less than 1 mý'/hr intensity which made objective

reading of the instruments difficult. The instruments were not calibratea on the xl

scale. Instrument background as determined well outside the fallout pattern was

subtracted from the observed readings. Despite these handicaps, the agreement

between radioactive decay observed in the field and decay of comparable isolated fall-

out samples in the laboratory was good and lends cr', !ence to the monitoring data

Spresented in Tables 6.2 (Priscilla) and 6. 3 (Sm oky).

It will be noted that two values, expressed in mr/hr, are prcý,.nted in the tables:

the observed reading and a T-1B equivalent value consistent with the recommendations

of the Test Director's Organization (Chapter 2).

Generally the GM. survey meter readings with the window closed were similar
whether taken at I inch or 36 inches above the so-l, with the i inch readings tending to

give slightly higher response. Meter readings taken witiL the window open were

approximately twice as high when taken at 1 inch as when taken 36 inches above the soil

surface.

No effect of shielding by the body of the operator could be found for readings

taken at 3 feet above the grouL,, surface with the window either open or closed.
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TABLE 6.3 Field Measurements of Radiation Decay, Shot Smoky

Conditions of Measurement

GM Probe Position Date Time Sta. VI Sta, VII
Height above Soil H+day H+hrs Obs Norm Obs Normh

mr/hr less instrument backgroundb

36 inches, window closed 1 27 19.2 , 36.5 - -
3 77 5.0 9.5 1.53 2.01
5 125 3.25 6.18 0.94 1.79
9 221 2 5 7 d 4.88 0.58 1. 10

13 317 1.05 2.00 0.37 0.70
20 485 0.65 1.24 0.25 0.48

Decay Constantc -1.16 -1.04

36 inches, window open 3 77 21.3 40.5 7.73 14.7
5 125 11.0 20.9 5.40 10 .3
9 221 5.84 11.1 1.65 3.14

13 317 3.90 7,41 1.20 2,28
20 485 1 , 6 3  3,10 0.79 1. 50

Decay Constant -1. 19 -1.23

1 inch, window closed 3 77 5.98 11.4 1. 63 3.10
5 125 3.93 7.45 1.02 1.94
9 221 2 , 8 0 d 5, 32 0.66 1.25

13 317 1.27 2.41 0.41 0.78
20 485 0.78 1.48 0.26 0,49

Decay Constant -1.13 -0.99

1 inch, window open 3 77 >20 -- 9.78 18. 6
5 125 >20 -- 5,58 10. 6
9 221 17.6 33.4 2.71 5.15

13 317 11.8 22.4 1.41 2.68
20 485 5.3 10. 1 0.86 1. 63

Decay Constant -1.58 -

a Observed values (Obs) normalized to T- 1B survey meter; correction factor 1.9.
b Avg. of 16 readings within 14,400 sq ft.

c Exponent in expression A = AoT-k.

d Not included in slope determinations.
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I

Residual fallout intensities were below the sensitivities of the recording gamma

radiation monitor. The instrument was nevertheless maintained to document possible

contamination from subsequent detonations.

6. 2. 3 Film Pack Dosimeters

Two kinds of film badge dosimeters were exposed serially to document dose rate

in the field. The great variahility of accumulated dose measured by different badges

exposed for similar lengths of time under similar circumstances made it desirable to

combine the badges into four comparable groups representing each condition of exposure

with each group representing the total ac'cumulated dose between 1H + -80 and H , 480

hours. Since the film badges were read to an accuracy of 5 percent, the agr'eement

between replications in the field is the limiting factor regarding the reliability of the

data (Tables 6, 4 and 6. 5).

In most Cases higher beta and gamma doses were measured 1 inch above the

ground than at either 18 inches or 36 inches above ground. Badges placed under or

over bushes accumulated similar but lower doses than comparable badges placed in the

open, Despite this, the beta-to-gamma ratio estimated from the film badge data tends

to be higher for badges exposed at the base of plants than in other positions.

An estimation of the beta and gammiua ray attenuation in air was derived from the

film badge data by averaging all badges exposed during the post-P'riscilla and -Smoky

studies (Table 6. .).

(J. 2. 4 iC esisteieC of 11'allout CUontamilIatioll In SUr'fnee Soil

Soil samples were Collected serially from all persistence stationas mnaintained

following Priscilla auId Smoky detonations. The samples w'uJ' prioessed as described

in Appendix A, 1
The level of contamination resulting from Priscilla fallout was below tile sensi-

tivity of the soil processing procedures (Appendix A), Tie sL 'face soil contamination

resulting fr'om Smoky fallout is summarized in Table U. 7. Bet ien1 D-I 3 and 1) 1 20

day", no significant change in the concentration of fallout debris Jn tie surface soil

could be demonstrated. Ten nmonths following fallout contamination from Smoky shot,
Stations VI and VII were resampled. The predicted level of contamination (interpolated
from D day data), tie observed level of contamination between D 1 3 and D 1 20 days,

and tile observed level of containination on D - M00 days are summar'ized in Table 6.8.

No significant change in concentration of fallout debris in surface soil between D day

and 1) + 300 days could be demonstrated, The possible Aigniiicance of the Increase in

the coefficient oi variation between D 1 3, D + 20, and 1) + 300 days is discussed in

Section 6.3, 1.

Soil profiles to a depth of 4 inches were' sampled at Stations V1 and VII oil D 1 3,

1) [ 20, and D 1 30(0 days. While beta activity was detected below the surface Inch of
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TA3LE 6. 4 Radiation Dome Meaou,,d by Film Badge Dosimetere, Shot Priscilla
Beta-to-Gamma

Position, Beta, rAd Ratio

Inches above a Thin Thin
Soil Surface Gamma, rad Standard Window Standard Window

Station Mean SD._, S. D.D. Mean S.D.

1 245 71 100 02 412 30 0.78 1.68
1, under bush 178 06 323 100 424 42 1.81 2,38
18 300 08 273 257 108 71 0.70 0.28
18, over bush 268 78 96 07 94 50 0,37 0.36
36 254 47 110 a8 100 27 0.70 0,30

Station IIIl

1 183 182 48 8,9 140 08 0,25 0.77
1, under bush 152 35 09 68 108 24 0,04 1,1118 110 b 05 44 80 36 0.09 0.72

18, over bush 120 b 10 b I0 b 0.00 0. 00
3a u d g ) ou a3 lie 70 b3 0ni02 0e70

Station IV
1 153 44 40 16 202 4.5 0. 20 1,.32
1, under bush 43 5,.0 53 30 t00 12 1.23 2.31
10 66 12J 32 15 60 b 0, 47 0, 07
10, over bush 880 07 7,.5 4,5 42 10 01 08 0, 40
3 U 55 20 2.0 4COf 30 27 0, 04 O,168

btytiono V
1 30 0.0 10I~ 22 60 to 0151• 1,71

1, undar buoh 20 -- 13 4by 30 b 0.it8 1. tS0
10 2z0 1t 12 15 10 10 0r60 0.0g
10, Over bush 20 31 10 08 13 12 6., 30 5,35
30 000 13 260 41100 0. 04 ..

a1Dome 8 aumulat8d duriog 400 8our 1xp6ure bg1ming 2t 01 50 hour1, eta .6d 4-aroma dome meamurod both b, stlandard and experimenztal 1thhn wintdow" film Irack

3o6fimers, Sttudard devi8t6o1 (S. 1,) deiornhd from 4 r58 7 liu0t4 grou2.64 o .
Mar, alty exposed fillm badges,

bonly one group reupresented

TAB LE Q. nu Rdiu~tion• Dome Meamured by lilhn Budge Dosimeters, Shot Smoky

BoQtA-to-GaMMa
Po~~BOLt tor oe ad Ratio

Inches above T h i-•n-" "---•
Soil Surface (Gammia, rada Staundurd Window Stundur'd W indow

Station VI, I U3 Wall. mean

1 1250 147 3360 1720 4306 1840 25.1 4,32
1, under bush 1203 101 41870 706 7135 1681 3. 35 5.35
18 040 166 2100 1100 71133 4013 2.71 73.3
18, over bush 005 28 1070 407 20 540 1,45 1. 64
36 374 127 2380 300 7080 5341 2.04 2.04

devtation Vea
1 488 102 2505 2381 40056 7706 5,.13 8,.306
1, under bush 330 4.0 1070 035 3141 3 11 0,52 9.,27
18 4081 68 1330 101 13664 147I 3, 20 3, 306
10, over bush 330 20 4066 306 544 74 I, 47 l,.61
30 374 2U 805 37 010 40 2. 16 2. 16

aDome accumulated during 400 hours exposure beginning at It 4+ 00 hours. Standard
deviation (8, D, ) deotrminod fromn four replicate groups of uorially exposed film

badges. Beta and gamma doio measured both by standard and oxporlinental "thin
window" filn pack dosimeters,
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TABLE 6. 6 Measured Attenuation of Beta avid Gamma Radiation from Fallout

Distance Pet Attenuationa
above Soil • Beta-to-Gamma Ratio

Surface, in tandard Thin ow Standard Thin Window

1 0 0 0 0.26 0.44

18 15.7 28.6 7.0 0,22 0.48
36 27.2 44.2 21.4 0.20 0.47

aDerived from means of all badges exposed between H + 80 and

H + 400 hours during post-Priscilla (Table 0.4 and post-Smoky
(Tvble 6.5) studies.

TAB 4LE 6. 7 Persistence of Beta Activity in the Soil Surface, Shot Smoky

Time of Sampling
D + days Station VI Station VIII

Pe/sq ft, 114 12 hours

3 1012 1 228 361 : 00

5 1040 1 10( 200' 1 2
0 802 ± 123 308 128

13 006 IL 38 324 :h5
20 Boo 1 110 373 L 30t

Moan (1)4 3 to 1) 20 days) 080 :L 01 320 : 40

TAB1J U. 08 Predicted and Observud Coulta ination Persistence in Soil Surface

Predicted f'oron Observed

3.) day Measurements D + 3 to D + 20 days D + 360 days

C.w/uq ft, 11 1 12 hours

Station VI 6080 0(30 : 0L 830 1 280

Coefficient of Variation a. 4% 33.5%
Station VII 310b 326 c 46 408 : 20b

Coefficient of Variation 14% 43.8%

afrom granular collector data

bfrom surface soil data
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soil, the intensity did not permit a quantitative expression of activity because of the

limitations in the soil sampling procedures. In view of the apparent immobility of

contamination in the surface soil, the data were interpreted to mean that downward

migration of total beta activity resulting from contamination of surface soil by Smoky

fallout was negligible or had not occur.ed.

Lack of downward migration of I;otal beta activity cannot be accounted for entirely

in terms of low rainfall since the winter season had occurred between D + 20 and D + 300

days. The amount of precipitation received at St. George, Utah (10. 8 miles south of

Station VII) between September 1057 and July 1058 was 12, .22 inches, and the precipi-
tation recorded at Veyo, Utah (7 miles north of Station VII) was 21. 13 inches

(Referenco 1). Station VII, therefore, is estimated to have received between 12 and 20

inches of precipitation between D + 20 and D + 300 days. Station VI was in a remote

area for which reliable rainfall figures are not available,

U.2.5 Itodistribution of Surface deposited Vallout

Tile maximum dully mo'vement of rousidual fallout wUW determined to be 0, 075

p.c/iiq ft (11 , :12 hours) on D + 10 days following PrViscilla. fallout und 4, 71 PC/bsq A

(11 4- 12 hours) oi D + 17 dys following Smoky fallout. All data poesentud regarding

rudistributlon of fallout material have boeon cot,rected to a commoun time of i 12

hours to permit assessment of tie fato of the fallout material in the environment apart

from radioactive dt,'cay. The reportud levels should not be confused with the radiatio•n

inteasity at the time of colleutioll which was muchlowcir (Itible 0, 0).

During both studies there was a definite downward trend with time regarding the

amount of residual fallout being redistributed (i'iguru 0, 4), An exception oucurrud

during the Smoky study in which thie naximunm redistribution was observed at D 1, 17

days, The higl tray valueu measured fuilowio,-i Smoky corrulate well with the periods of

laximum lateral air movemoet (l.igurc' U. 3). However, the correlation betweoen redis-

tvibutiou and air movement is not apparent for data collt cted following Priscilla.

Fallout trays lmaintained during rains indicate a pe)Ciod of relatively high

riedistributioln Ilowaver, data from tihe ntire 1B day study period showed that redis-

tributioni had nut been offectivu in chanlgilng thie IneUn coUceUntration of residual fallout.
B3ecause of tile special handling and processing required for wet samples, those data are
probably not comparable to data from dry samples, and the valueH hvev not beon includodd!
in determination of tih lneaO .

During tie post-Priscilla study, the 44-88 micron fallout particles contributed an

average of 0.7 percent of the total redistributed radioactivity as compaved to 21.0 per-

cent during LhC Smoky study, Particles less than 44 microns in diameter contributed an

average of 85, 1I percent of the redistributed fallout following P1riscilla aic compared to

60. 3 percent following Smoky (Figure 6.5).
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6.2.6 Aerosol Concentration
Four stations maintained following Priscilla had 6-hour mean aerosol

concentratiorns rangingf 1.n uilows: Station I: 27.8 to 51. 6 pc/ft3; Station I11: 41.0 to
3 357. 7 pc/ft 3; Station IV: 26. 5 t.o 45. 7 pc/ft3 ; Station V: 56. 9 to 74. 6 pc/ft . All values

are corrected to the common time of H + 12 hours (Figure 6. 6, Table 6. 10.).

Because of extreme terrain features and possible discrepancies in station
location with regard to the midline of fallout, Station IV is not directly comparable with
the other areas, Omitting Station IV, there iW an apparent increase in chronic air
concentration with increasing distance from ground zero.

e-- STATION IS .. TATION MI
*............ STATION XrS .-.-..... STATION X

Ly

+ (\• /

/ 0%

* \- ,.~..,.

U

I I I I.
10

W

TIME OF SAMPLING, D+ DAYS

FIGUIRE 6, 6 Average Radioactive Aerosol Concentrations at Priscilla Persi8tence

9taff"tis n m• D + 3 to D + 20 days...31
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TAI3LE 6, 10 Pers.istence of Airborne Radioactivity lit the PrincillaDallout Pattern

Fission Product Concentration in Air, pe/ft3 at H + 12,hrs,

stto station III

,Daily Samplitum Ppriod, lir Daily Sampling Period, hr

0400 1000 1600 2200 0400 1000 1800 2200
Time to to to to Daily to to to to Daily

D + Day- 1000 1600 2200 0400 Average 1000 1600 2200 0400 Average

3-- 12,1 6,00 5.00 -- 0.35 0.35 2.23 1,29
4 56.3 40.1 21,10 2.74 10.8 0, 32 2. 07 5. 34 Hkg 2,08
5 2,60 12.0 3.00 4.02 5.87 Bkg 2.01 1.01 0.67 1.44
6 4,36 0.03 11.0 U .5 0.44 1,00 2.14 1.72 Hkg 1.21
7 12.0 62,3 135 8 2 ,:e 60.0 5.40 42.6 52.7 40.2 35,2

* 1-- 11,1 (1.6, 38,1 37,2 31,0 24.2 29.0 28.2 28.3
0) 3 1,05  41G, 70.3" 122 81.6 13.4 10.7 17.0 30.0 22,3

10 605,. 53.5 DO. B 50,3 57.6 0.02 47.1 70.2 50.3 46.111 30.2 40,2a 34,4 42.,3 31.2. 03,0 58.,0 41.0 47.5
12 40.1 2.o 64,8 50.6 66,0 42,1 U 27.4 31. 4 30.4 31. 7

13 40,11 29, 1 26. 3 40.7 30.2 23. 4 34, 1 34,3 33M 0 34, 1
14 22,1 23,7 10.0 20.5 21,3 25.8 29.3 26, 1 20.5 28.2
15 23,0 20(4 47.0 114 63,5 31,4 24.0 37,4 150 63.0
i) 40.5 120 118 130 105 340 205 164 147 237
17 26.0 ...... 20.5 16o5 ...... 185

11W .. .. ...... 5.0 86.6 0 76.0 75, 1)2(0 -. 07.. 42.6 36.0 52.5 57.0

Averagle 27,11 42.0 51,6 00,4 43.0 57,7 04,2 41.0 44,0 40.2

8tation I Station V

3 -- 3.0( 3.71 1,84 .... 2.03 1.70 2.16
4 2.12 4.02 356 3.,41) 3.50 1.55 3.20 0.70 2.40 3.58
0 2,72 17.2 1.00 1.45 5601 0,00 (1.86 5.20 0.04 1.05
0 1660 4.44 2.30 0.05 2,50 2,47 10.7 1.37 0A5 0.04
7 3.07 40.4 104 83.5 56.0 22,5 60.3 137 113 63.0

0 6 0,11 03.0 45.2 4(.0 5,62 1.61 53.6 65.5 60.0 45.2
0 31.1 30,10 10.0 067.16 55.4 54,3 70.0 44.3 00.0 50.0

10 41.5 45.7 54.6 51,3 48,3 104 65.5 50.2 01.0 72.4
11 308. 43.6 42.0 41.0 41.,0 52.1 46.0 55.0 46.2 50.0
12 32.0 25.0 25.0 2.0. 27,1 38,0 30,5 47.1 37.4 40.7
13 22.7 20.6 25.3 20.4 24.3 20,2 2060 27,1 '0.1 30.5
14 24.7 22.2 20.2 20.2 21,11 20.1 )(.'l 20.0 10.4 21,6
15 24.2 10.0 10.4 150 53.2 14,1 13.4 77,0 410 MI.
16 31. (1 174 161 106 110 202 220 116 10? 101
17 76.,8 52.7 411,0 33.11 33,1 110 503.3 81.0 40.0 .0

i11 20.1 40.3 131 1.31" 60.5 3:8,0 65.3 88.4 137 82.2
1) 11,1 109 40, 3 56. 3 54.11 104 174 160 03 158
20 44.5 27.7 30.0 34.7 31, 1 50 27 33 27 30.5

Average 26.5 44.5 45.0 46.7 40,4 0(1,0 56.0 56.3 74.6 62.2
uShort xpouura value nut included iLn uvorr•ge,
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Two stations maintained following Smoky yielded means ranging from 40.4 at

Station VI to 52.0 pc/ft3 at Station VII (Figure 6.7, Table 6.11).

The levels of aerosol concentration were similar during both the Priscilla and

Smoky studies and do not reflect significant differences in the conditions of detonation.

Stations III and VII are roughly comparable in location (Table 6. 1). However, the

degree of Initial fallout contamination was quite different with H + 12 hour values of 4. 7

mr/hr at Station III as compared to 27 mr/hr at Station VII. The measured levels of

aerosol concentration, therefore, were similar despite differences of a factor of five in

4• the levels of initial contamination.

The observed aerosol concentration following both Priscilla and Smoky did not

appear to correlate with average daily lateral air movement (Figure 6. 3). However,

the diurnal peaks in aerosol concentration consistently coincided with periods of daily

maximum temperature, low humidity, and maximum air movement; and, conversely,

minimums in aerosol concentration consistently coincided with periods of daily minimum

1' I temperature, high humidity, and minimum air movement.

SMOKY
-- STATION I

--- .. STATION 1Z

410

ILI

3• 4 5 6i 7 $ 9 10 11 12 I3 14 15 l1l r? 18 It 20
TIME Of SAMPLING, D+DAYS

FIGURE 6. 7 Average Radioactive Aerosol Concentrations at Smoky Persistence
Stations from D -t 3 to D + 20 Days.
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6.2. 7 Native Vegetation Contamination

PLant data are presented in this chapter because they help to describe a

mechanircal process which influences the fate and persistence of fallout debris. Pro-

cedures used to radioassay plant samples are described in Appendix A.

The degree of plant contamination was highly variable depending upon the species

sample.•i. Where a single species (Artemesia t-ridentata) was serially sampled over an

18 day period, the decline in radioactive contamination was shown to closely follow the

-2 beta decay exponent for beta activity from mixed fission products (Figures 6.8

and 6.,9; see Table 7. 1 for additional Smoky station locations). This decline in radio-

active contamination was also true when other data from single species were examin.ed

or wheon enough different species were averaged together to mask the effects of extreme

leaf characteristics.

The uniformity oZ the data suggests that the original level of particulate

contamination at the time of fallout is maintained on the plant despite wind and rain

acti,n. A greater variation in radiation intensity would be anticipated if the contarni-

natt.n level were being maintained by redistribution processes. Therefore, decreases

in madioactivity during the 18 day period appear to result principally from radioactive

decay, although the possibility that decay measurements are not sensitive enough to

meazsure low level redistributed contamination cannot be overlooked.

6.2.8 Persistence Area Contamination from Succeeding Detonations

Throughout the study effort on Shot Priscilla, there was no indication of

additional contamination. However, on D + 8 oi the Smoky study a low yield, 750 foot,

balloon supported device (Shot Wheeler) was detonated which could have conceivably

added radioactive material to PVI and PVII.

Little information on the fallout pattern from Shot Wheeler is available as

contamination levels were too low to be monitored by survey instruments, but the U. S.

Weather Bureau computed the "estimated axis of fallout" to be 15 to 20 miles south of

PVI. Examination of this project's data obtained during this period shows that, although

the gamma activity was not sufficient to produce a response on the PRAM, a sinall

amount of additional contamination was recorded by both the granular collector and

aerosol sampler. The granular zollector data indicated a contamoination level at least an

order of magnitude lower than the original Smoky debris.

It must be noted that the D + 8 values shown in Figures 6.4 and 6. 7 appear

inordinately high because decay corrections based on the Smoky time of detonation were

applied to the data. These high values were disregarded in computing the environmental

decay rates. It is believed that the minute additional fallout recorded does not affect the

validity of the conclusions drawn from data presented in this chapter.
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No subsequent Plumbbob ,letonation contaminated the persistence study areas

with activities greater than 0. 5 mr/hr at H + 12.

6.3 DISCUSSION

6.3. 1 Environmental Decay Versus Radioactive Decay

Environmental decay is the sum of the processes which alter the intensity of

radioactive contamination. It includes the radioactive decay, erosion, and biological

i ,cycling. From the data presented above it is apparent that, over a 3 week period

following fallout, the decline of radioactivity in the biotic environment is predominately

due to radioactive decay rather than to redistribution by other environmental factors.

This observation can be extended to at least one year after contamination on the basis of

soils data obtained from Station VI and VII (Table 7. 8) and soils data obtained during

previous studies from the native Nye Canyon area bordering NTS (Reference 2).

"Persistence" as used in this report can have the implied meaning of "rate of

change." The choice of the word seems particularly appropriate in view of the data

demonstrating the permanence of concentrations of fallout debris in the environment

and the implied slow rate of change in terms of months to years following contamination.

However, particulax attention must be given to the various time scales used to discuss

persistence of fallout debris in the environment.

The persistence of fallout debris between D + 3 and D + 20 days is evidenced by

the similarity between radioactive decay rates measured in the field and laboratory and

by the redistribution data obtained following Smoky in which the maximum values were
observed on D 4. 17 days. This peak occurred even though the general trend of
redistribution was to decline with time following both Priscilla and Smoky.

The observation is interpreted to mean that fallout debris tends to become

mechanically trapped in the environment and with time to become less and less available
for redistribution. However, if a strong enough disturbance occurs (such as the stor'm

on D + 17 days following Smoky), fallout debris less than 100 microns in size will tend

to be redistributed at levels of particulate concentrations equivalent to the original

contamination.

Observed aerosol concentrations between D + 3 and D 4. 20 days were similar

following both Priscilla and Smoky despite significant differences in initial contamination.

This suggests either that the fallout from Priscilla was relatively more susceptible to

chronic suspension or resuspension than Smoky fallout or that the fraction of total

Fallout that contributes to aerosol concentrations was produced in similar quantities for

both Priscilla and Smoky.

Since the aerosol concentration did fluctuate, it must be presumed that some

quantity becomes resuspended by both thermal and mechanical disturbances. It was

not possible on the basis of instrumentation used during the two studies to separate
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specifically the influences of wind, air temperature, and relative humidity. The lateral

wind speed near the soil surface was very low compared to speeds mea•.Lired at 3 feet

above the surface in areas of moderate to heavy vegetative cover. Since redistribution

of surface deposited fallout did occur, even though lateral wind movement appeared to be
negligible at the soil surface, it appears that the vertical component of air movement •:i

should also have been instrumented.

Radiologieal monitoring done in the course of long term studies, I to 5 years

following fallout contamination, has repeatedly shown that residual fallout contamination

in relatively barren areas with significant expanses of exposed sell is characteristically

higher about the base of bushes, obstacles° or crevices where wind or water eroded

material tends to accumulate (Reference 3). It may be reasonably stated that the ••a

resultant effect of the local erosional forces should be to dilute the concentration of

fallout debris on exposed soils and, thf, refore, reduce the intensity of the radiation

field due to fallout.

An indication of the rate of this dilution is suggested in Table 8.8 where the

mean value of fallout in surface soils is shown to be unchanged between D day and D ÷

300 days. The coefficient of variation, however, increased from U. 4 percent to 33.5

percent in the case of Station VI and from 14 percent to 43.8 percent in the case of

Station VII. Since the sampling procedures and processing were similar for both groups

of data, it is probable that the increase in ranges of values observed at D + 300 days was •:'
due to the scattering about of the initially deposited fallout. The fact that the mean level " •i

of contamination is unchanged suggests that, while the erosional processes are working,
their effects are not significant in changing the concentration of fallout in these areas '•

within i year following contamination. Calculations concerned with estimating dose, •

therefore, will be misleadir i ff based to a significant degree upon the decrease ofS!
residual fallout by erosional factors in an area similar to those studied.

In terms of internal emitters the above relationships may not apply in biological
J

accumulation of specific radionuclides. :'

6.3.2 Biological Implications •.

I, /
The particular significance of the persistence and redistribution of fallout debris 'iJ

to biological cycling lies in the potential availability of fallout debris to recontaminate

forage plants, providing a continuous source of internal emitters to grazing animals -i
together with a persistent low-level radiation field, the intensity and effects of which are
depet•dent upon the proportions of medium- to long-lived fission products that are

present (Chapter 4 and 5).

Even though redistribution of surface deposited fallout is a potential source of
contamination to plants, the data collected following both Priscilla and Smoky indicated
that the original fallout contamination was still on the plant during tl•e period D + 3 to I,•

?1
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D 4 20 days despite wind and rain action, Had redistribution contributed significantly

to plant contamination, the uniform decay rate that was observed would not be antici-

pated, Therefore, the importance of redistribution in the secondary contamuination of

vegetation probably decreases with time as the foliage originally contaminated with

fallout is replaced by 'jew growth,

6.4 SUMMARY

1, Four persistence study stations were maintained on the midline ofl' Priscilla

fallout and two on the midline of Smoky fallout pattern,

2. Maximum air temperature, minimum relative humidity, and maximum ahir

movernent occurred at about 1300 hours oach day, Minimurn air temperature, maximum

relative humidity, and minimum air movement occurred at about 0300 ho1-rs each 2,

hour period,

3, Wind speed was negligible at ( inches above the soil surface as compared
with speeds 36 inches above the seil surface ill areas with normal to douse vegetation

cover, wind speeds were approximately equal at the two miaHovreme nt heightH in areas

having sparse vegetatiou.

4, Radioactive decay measured il the field was similar to the decay of

comparable fallout samples measured ill the laboratory,
5, Attenuation of gammnu radiatioun was meOasuk.ed as 15. 7 percuut at 18 inuhes

and 27.2 percent at 30 iuches, of' the radiatiou at one inch, using film badge type

dosimeters, Bcta attenuatiuu similarly was measured aus 28, 3 peruucet at 18 inches antd
44, 2 percent at 30 inches, of the beta radlation measaured lt 1 inch abovo the Hull

surface.

. a•llout debris deposited on the Hsil surface tended to become mecuhuanically
trapped, the amoutnt redistributed declining with time. Strong wids, however, calul-ed
material to be redistributed at concentrations equal to the inlitila conttaminaation

especially In areas having a sparse vegetative cover.

7. The conceitratioun of fallout debris in the surface inch of soil at two stations l

countaminated by Smoky Shot did not significantly change betw(en 1) + 3 days and I) 1

300 days.

8. Particles 44-88 microns in diameter contributed an average of U. 7 perco it

of the total redistributed fallout following Priscilla as compared to 21,0 percent

following Smoky, Particles les& thaun 44 microns in diamoter contributed an average of

85, 8 percent following Shot Priscilla compared to 68, 3 perc,)nt following Shot Smoky,

9. Aerosol concentrations were similar following both Shots lPiscilla and Smoky

despite significant differences In initial contamhiation,

10. The original fallout contamination of native plant material pe rsisted through

the 18 day period following Shots Priscilla and Smoky,
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CHAPTErIt 7

B3IOTIC AVAILJABILITY 0F FALLOtIT DEfBRIS

TO INDIO1ENOtTS ANIMALS AJPL) PLANTS

13'arlior work during and after pr'ovious tout moriou at NTS, reviewed in Section 1. 2
and piruooding chapterm of this vuport, furnish iaifoviiiation on the distribution,* quantities,
and piropai-tiom of tilt fallout, Solubility curaoatorimtitii and parficle size data furnimhi
uome bahiiM for cutinmating thu availability or fullout dubviw to thu biota,

Howeovr, biologiual availability of rudiunuclidem associiatud with fallout dupowitud ill
thu biouphovu im mu~difiod by phymiuaI anti uhunducal aull uharauturistium iii well am by
othur variiablum, Thiteefort, it bvuowoi iin~puitait whon ouvluating potential 1iaaziidu tu
doturmIlinu tile frautioll of available radioaUtiVo 11tl'iturAl thalt a.Utually iq 1AUCtIm2ulated by
var~iouN al inwaid and planItN ill thu local linvilvi1Luunt.

Sinluu thlt uonditionm of dutonating nuulour dcovitiou altoi, thle fallout pviporutium um well
usile thu uantitiom ol dobviiN dopomitud in uvuaw unduik mtud~y, biologiual uptako uan bo umud
am onlo nimuanw of oU011paring th u luativo availability ol thu doUrim fkoun thu different,
Iuulouridoviuem, mutiluh iallba loo alnd itiowIui'niwtot d hothl.

It haa4 beenl well douuumnontod that anlinlalu grailIiig In fallout iua'ou will auUtiznulato
zadiouluclidobi (Clihaptui, 1). Tilu puvipowu of 011W atudy i&W to douukot.1111 tho Vulativit blo-
logljual uvatilability of ldvvourl 1adtiouluolidom friom fallout dubviiN am a funlutionl of tluI
uharaiuturiatlu uof dutollationl andu uontainllation,. It would be uXp(1Utud that tileuaniount,
Uf fiuNbilo produutij muiaLbolizod by anly puriLUlulak uniial will aluo be a fulnutionl of thu
buhauvior. and IphYkiuogIOUYf that 14I)I(Jitm.

Nutiv o roduntu (pizinolind ly Dip)odu ,~ iyp. m,) wr cu uoll u tod uInig I. ouadlo tyj n', motal

box tvapu . JuaukkubbitN Lau Q~tUp,Wl ) wovo colleutud by wNhooting with *22 oulibur viflun .

All rudentw worLv mautiiflood ininitdiatuly uponl trapl voeuvovuy by plaingll tho t rap), whichu
conlta mod tliv ani nlul, onl dry iov In nli un o chowt. All animaldu werio pauka od in dry lov

and whippod to thu UCLA Luburutory. "'Ihe Unimiak Hwore autopwlod to pliovifiu NaumlnlIe
of wkin, lung, liver, kidnoy, imuuule "land boneo that wefro utimayud for total beta autivity.
Thyroid timucuH were plauced in wutinliiuo wtoel planuhuetw, 11aucoratetd, nboiutoend with
tiodium thomioulftv, gently dried, and atAmayed for beta and gamm nunativity. Whon thue
beta activity was viduquatv fur i'adiocheniical dotormnllationw, elouctud Wua wplvH worv

I' urther. ucha ratovized in tornw11 or rudlonluclidow of barium, cerlium, ueoiium, ruthelitniu,
mtrontium, yttri-um, and zirconium. (It i-dwuld be noted that 9z1. 1 wan not upouifiuully
identifiod), Cortainl thyroDid l~~inmploti wu5to analyved for radioioditiv by diway and energy

niealnuvoirintmi.I
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Bulk plant samples were dried at 70 OC at the UCLA Laboratory, ground to pass a

2U meuh screen, and assayed for beta radioactivity.

Theme procedures are described in detail in Appendix A.

7.2 RESULTS

7.2. I Fission Product Accumulation in Native Mammals

The accumulation of fission produatu by native rodents and lagomorphs sampled
from various lozationtj within fallout patterns was documented for five detonations during
Operation Plumbbob, i.e., Boltzmann (Figure 2. 1), Princilla (Figure 2.3), Diablo
(Figure 2.5), Shauta (Figure 2.8), and Smnky (Figures 2.7a and 2.7b). The sampling

station locations and meau,.eiienti, of fallout contamination (as determined by Projoetm
37.2 and V7.2a) are described in Table 7. 1.

The levels of beta activity from mixed fission produut: (MI,'r) and ,pouific radio-
nuclidem prevent in tinsuew of animals savipled Irona the Boltzmann fallout pattern are
prevented in Tables 7. 2 and 7,3; from th,) Primoilla pattern in Table, 7.4, 7.5 and

7. 0, from the Diablo pattern in Table 7, - and 7, ; f from the Shasta pattern in Tables
7.U, 7. 10, 7, 11 and 7, 12; and from the Smoky patt.,,.r in Tabteli 7. 13, 7, 14 and 7. 15.

Thyroid, liver, kidimy, mumcle, and hUone values r'eprewent mttabolized nuolideW

The mkin activity is predominantly atti'ibutable to oxteknal uontamination by fallout
,particles on the pelt, The gantruintuutinal traot (i1) and ccuum samples include thu
absuciated gut contentw, and the radioactivity ih th•ee uasen im duu to fallout purtiuLew
that have reached the i:ttstiemw throluugi ingution and perhapw by inhalation, The lung

valIUUe a'e variable and usually quite low. While a possibility doeu exist that particulate
contamination re•ulting from inhalation of fallout hanu uocurred, it is more probable that
the fluotuatioun noted ill lung uontamination rufleut variouu degreou of humorrhauo in
the pulmonary region ou.uring at the time of maurifiuo and that the z'adiouativity reported
Wa duo to fi•sion produutt in the residual bloou and tissue fluids.

Jackrabbit tissues were used predominantly to determine oori oentratiuon of metabolized
radionuclides becaune tisauum from the smaller rodent,, evvn whetn pooled, Melduln

provided a lat go enough saniple for analysis. Individual Jackrabbit tissue respreoontutivu
of a particular sampling time and location were seleuted for radiohehnlical aa1lywin from

available samples on the basis of the total beta count, The data, therefore, are useful
in describing certain radionuclides that are prenunt but are influenced, among other
items, by the age and body weight eonwiderations discussed below whon uned to measur'e
levels of metabolized fission product- changing with time.

Between 16. 8 and 45.1 percent of the bone activity was routinely accounted for in all
ahotW by BL14 0 and Sr89, 00 occurring in ratios ranging from 1.46 to 6.73 in favor of
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TABL)I 7.1 TInime or 10alout Mild it %diometive Lovilm lit Arvaii Sanip1d by Prkoject 37. 1

DOWI akt l'i t likut- Or frkjoUt IN (1hUMoLt11tod I'okii moil~itukr1ng valueom. Pullout I11nto -of -arvival valulws Wart iutlL~urild
or owt1it"Ittd froui trajOUtokly 11oaly1yiN.'~ &kl)) rUXi1Atat 01' O~tlrn~lad,

MIIIW MIom IUHtli11mtd LDolu rato Mwjlhz1 Iletak Autivity
Sta. f vo in fromI tiubt or lai")9- Pet 4~44 t11oluon in -M4 ý1 frautitl'in,No, C11ound Zero midlinu avrriva, 11 + lir of fallout II + 12 irI'varrucun dopoiuited wu/mq 1t (11 + 12 h'

$hot )Otlholt illn (I) dayl 211 MIay)

1 301 0)40 1.14 03 0 140 20 2401
2 411 0.0 2. 1 43 0 011 d310 33,0
3 701 0.15 W 3.7 3 10 701 711 117(

a4 71) 1.0W 3.17 410 1(M1 76 1170
a 011 0.0 5,4 200 -12 0

Shot 1'rluliadili (I) dAyl 24 Juwlo

-1 001 o' (1 4.(1 70 2248 01) 211
11 114 12, 0N (117 1 1-216 11
111 121) 1.0U N 1. 1 D 4,.Y 11(1 7.11
IV tall1 2.1) N 1).r,1 1.3 -1.0 112 0.01
V 107 4,0 N 015. 2, 0 711],1

Shaut Diablo (1) dayt 11 dJuly)

to) 1I 0 2.6 0110011 '"16(1) -

II 1 3 02. 11 0 ,) 301101 it10I -)

12 20) :1,. 311 0111 110 too 40 -11m)
13 40 01) 1 bl f1,II 0 11 70 60 210
14 (J0 0.0 010, 115 600

"WIWMJ. (L.) dayi 1II Augumt)

11 10A 040 (1)W 0.8 (1100 NH -

111 14,11 1.A 11,00(1104 0 100) 13 24)
111 14.11 1,1W (1. 1)0 320) I'll 13 .47
111 11, 3 0. 3 w 011.1 112401 2:111 13 4011
III Io.,0 00, Ill 1 0 o 0700( 217 1 41(1
21 3 1 4))6 Ill 2.1) 1) 10 -1))m)
24 44 3 .1 0 H 1. 3 3110 110) (10 613
2(1 44 01)411 Il 3,1) 111( 121I1W 43 Ali))
211 44 0. ,3 w 2.)) 5170 1011 401 400
271 44 101,1 W 2.11 5001 110) :M 421
211 44 1. 1W 2,1) 00011 Ill :1) 4110
31) 701 3,.1) W 4.1) 14 (1
:1, 10) 04 2 W 613 1I) 03:
32 71) o).) .1 6.4 (12 20)
33 IM 0102 Ill (1.6 0( -.4ju)-
14 714 3(1. 10 11.11 30( 14 -

(15 1712 01 U W 1 01 4 -4

8hoan S1iitky' (1) dIuyl 31 AuU91NI

3(1) 411 o11 :1.,2 1200) 200 II) 13 1(
VI 1 0 1)1 0. 4. a 170) (16 3B1 210
VII 131(1 0.2 tI 4.11 (71 27

41) 2112 1. 5 N 11). 0 2, -A-
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Ba14 0 . Variations in this ratio followed no readily apparent pattern and did not appear

to relate to the physical and ahemical properties of the contaminating material discussed

in Chapter 5.

In Boltzmann samples (Table 7. a) both Ba 1 4 0 and Sr 8 0 ' 0 reached maximum con-

centrations in the bone at 78 to 70 miles from ground zero (fallout t'me: H + 3.7 hours),

In Priscilla samples (Table 7.5), Ba14U and Sr 80 00 reached maximum values in bone

(M + 3 day collection) at 120 miles from ground zero (fallout timr: H + 8. 2 hours). In

Shasta samples (Table 7, 10) Ba 14 0 was relativeiy low at 17 miles (fallout time: H + 1.0

hours), and remained more or less uniform between 44 and 172 miles distant (fallout

:timest 1•+ 2,0 to H + 13.0 hours), In Smoky samples (Table 7. 14), Ba 1 4 0 and Sr 8 0 ' 0 0

in the bone decreased in concentrations with distance from ground zero to 1Sf) miles but

increased at 202 miles,

Also Ba 1 4 0 was the prodominant isotope identified in muscle. Co141+ Cu-
Do00, and y werI present in musole in about equal concentrations of loss than 5

percont each,

Specific isotopes present in liver and lung tissues wore not accounted for to a sign-
ificant degree by radionuclidos of barium, oevium, cesium, ruthenium, strontium,

yttriurn, or zirconium,

With regard to any one location, data from P'riscilla Station I (Table 7.5) and the

comparable Smoky Station VII (Table 7.15) show that Ba1 4 0 and Sr 8 0 , 00 tended to rouch

maximum concentrations in the population between D + 5 and D + 7 days with a slight
drop-off by D + 2U days, TJ.he observation is probably influenced by tho selection of

particularly 'hot' samples, and, in cases where such a time trend conflicts with the
pattern of average beta activity in the bone which is derived from all of the samples

available, tho beta activity data should take precedent.

About 82 to H7 pur'cuoL of thu thyroid at!Lvi ty or Jauckrabbits Uollcu Ltd on 1) day and

1) + 1 day of Shot Shasta was identified as 1131 (17 to 33 percent) and (51 to 07 per-

cent) as determined at H + 72 hours (Table 7. 12). Limitations of equipment did not

permit identification of the remaining activity. Thyroid samples after 1) + 0 days con-

tained only I131.

7.2.2 Contamination of Forage Plants

The persistence of fallout contamination on forage plants is discussed in Chapter 6

and summarized in Figure U. 8 and 6.0, The relation of the degree of plant contamination

to the changing levels of specific fission products in jackrabbit tissue following Shot

Smoky is presented in Table 7. 15.
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31,1

Thyroid tissue studied for radioactive decay indicated that, after D + 6 days, I~ was
the only radionuclide pregent in the thyroid. However, between H + 17 and H + 42 hours

t" It. I was shown to contribute as much as 07 percent of the observed activity (Table 7.12).
It is possible that some I and I alsL. was present as observed during previous test

H aeries (References 1 and 2). The fact that only 82 to 87 percent of the total activity was
accounted for byI and I13 however, is probably due to limitations in the resolution
of the spectrometer system (See Appendix A).

Routine corrections of the observed counts in the thyroid to activity at the time of
)t collection were made in two steps. First the counts observed after D + 6 days were

OV - ~13111
adjusted to the time of collection on the basis of I decay. Second, the I13 value was
increased according to the proportion of I that was predicted to be present (Reference
3). The assumption mado in the second step was that no significant fractionation occurred
between the two isotopes,

It wau demonstrated that, wvith the exception of thyroid tissue, several nuclides were
present in the animal's organs, which permitted the use of the mixed fission product
decay expression. The error associated with the use of the mixed fission product expres-
sion is negligible when the interval between sampling and radioassay is short, i. e. ,

when the ratio (t2 / 1 is loss than 10.
Beta decay constants (k) were determined empirically by following the rate of decay

of 553 samples selected on the basis of tissue and shot (Tuble 7. 10), of the pos~tion of
the sampling site within the fallout pattern (Table 7. 17), and of the time of collection
(Table 7. 18). The mean k values determined from samnples collected following five
detonations are presented in Table 7. 16.

TAIJ'l 'I..* '111 114,144 A tvi ty Dev3 I ifiiy CoI44I4i,141 114) DI)''4,114141,l III HI'V~on TIN114 1444 t41 Aiolmam o, i o141utod 1Prom WWII,
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7.3 DISCUSSION

During Operation Plumbbob the agreement between observed levels of radioactivity

in different animal species tended to be similar as evidenced in Figure 7. 1. Generally

the agreement of data obtained from different species of animals collected during pre-

vious weapons testing programs also has been good (References 1 and 2).

-JACKRABBIT, tepea

S.... WOODRAT, Neoetwe

o-- KANGAROO RAT, Dipodorays

1.0

- \

'hi

IU:

.0.1

0,013  II I I I I I I I I L.1.. i..... L... i
4 5L6 L L 9 10 11 12 13 14 15 16 17 IS) 920

TIME OF COLLECTION, D+DAYS

Figure 7.1 Comparison of Beta Radioactivity in Liver of Jackrabbit, Woodrat, andK--------Rat and Time of Collection (Priscilla Station III).

The temptation to group data from several species into one set of values represent-

ative of the small mammal population in a given area was resisted, however, in view of

occasional observations typified in Figure 7.2. In this latter case the kangaroo rate

demonstrated significantly less fission product accumulation in the skeleton than either

the jackrabbit or wood rat. Although the degree of accumulation is different, the various

species are apparently using the contaminants physiologically in a similar manner since

the rate of clearance appears similar. It should be noted that this kind of species dif-

ference was specifically looked for during previous studies and not found.

Where species differences are found they can be indirectly associated with differences

in the concentration of ingested fallout debris as reflected by the radioactivity of the GI

tract contents. Thus, daily differences in food habits and behavior characteristics of

the indicator ani;aals can make their accumulation of fission products very similar or
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very different. For this reason it is important that the patterns of fission product

accumulation be determined separately for each species. Experience has shown that the

patterns of accumulation will be similar but that the degree of accumulation can be very

different.

-JACKRABBIT, LtW*

• ---. WOODRAT, N0e0'Wn
Ah- KANGAROO RAT, OWpeldOmys

0

I '

O 0I i I I I I I I I I I I I I

3 4 5 6 7 8 9 10 II 12 13 14 IS 16 IS 1i 9 20
TIME OF COLLECTION, D+ DAYS

Figure 7.2 Comparison of Beta Radioactivity in Bone of Jackrabbit, Woodrat, and
Kangaroo Rat and Time of Collection (Priscilla Station III).

7.3. 1 Reliability of Animal Data

Data collected during three weapons testing programs, i. e., Upshot/Knothole

(Reference 1), (Teapot Reference 2), and Plumbbob, indicate that the various genera of

small mammals used as indicators of biological availability, i.e., jackrabbit (Lepus sp.),

cottontail (Sylvilagus), kangaroo rat (Dipodoms.), woodrat (Neotoma), pocket mouse

(Perognathus), and deer mouse (Peromnscus), are alike both in the amount of and in the

metabolic fate of fission proeucts which they accumulate as a result of grazing in fallout

contaminated environments. However, anomalies do occur and must be kept in mind in

evaluating the data.

The reliability of radiological data collected from populations of a given species of

native animal is dependent upon random sampling of the field population, precision of

laboratory processing (including the selection of the -proper radioactivity decay factors
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for each specific shot), sampling location, and tissue. These factors are further influ-

enced by the age, food habits, and behavior of individual species and by the length of

time an animal has been grazing in the contaminated area.

Regarding the random sampling of the field populations, a statistical evaluation of

data collected from 7 jackrabbits and 123 kangaroo rats (grouped into 21 replicates)

collected from within 0.5 mile (if one another on the midline of the Shasta fallout pattern

is shown in Table 7. 19. The coefficients of variation for a specific tissue suggest that

a reported value should be representative of the immediate population within a factor of

two. Again, care must be exercised since the age of the animal can significantly influ-

ence the accumulation of the bone seeking nuclides as shown in Figure 7.3 and Reference
4.

TABLE 7.19 Variation in Total Activity in Various Tissues of Animals Collected onS~Midline of Shasta Fallout Pattern

Activity at Coefficient
Time of Sampling of Variation,

(D + 2days) nc/gm Percent

Jackrabbit (7 animals)

Bone 3.02 :L1.10 36.4

Muscle 0. 607 = 0. 240 39.3

GI Tract & Contentsa 54.5 14.0 25.6

Skina 23.5 -10.3 44.0

Kangaroo Rat (21 replicates of 5 or 6 animals per replicate)

Bone 0. 244 1 0. 139 57.0

Muscle 0.057 ±0.031 54.4

GI Tract & Contentsa 7.92 i5.60 70.7

Skina 9.55 ±6.16 64.5

aActivity due to radioactive fallout particles.

Despite this source of variation, the data from the seven rabbits summarized in
I Table 7. 19 represent animals with body weights ranging from 1109 grams to 2290 grams.

i This implies that the age-to-weight influence on uptake is included in the coefficient of

variation observed for the random sample. The majority of jackrabbits sampled during
Operation Plumbbob weighed between 1500 and 2200 grams with a mean weight of approx-

imately 1800 grams.
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1in Jackrabbits Collected D + 20 Days (Priscilla Station III.

Relatively few rabbits were sampled from any one location at any one time. As a

result comparing the level of metabolized fission products as. a function of fallout time-

of -arrival or distance from ground zero in some cases cannot be done with jackrabbit

data. A large mature animal may be sampled at one interval and a 8ubadult at another.

However, the jackrabbit samples were particularly valuable in supplying sufficient

amounts of tissue and activity, for definitive radiochemical analysis. These restrictions J

do not apply to kangaroo rate data which were obtained almost exclusively from adult-

Weight animals but which in most cases did not provide large enough tissue samples for-

radiochemnical identification of the contaminating isotopes.

The precision of laboratory processing and radioassay was tested by analyzing ten

replications of bone, muscle, and GI tract and contents from a single jackrabbit. The '
coefficients of variation of total activity in tissue samples ranged from 1. 2 percent for
bone to 4. 1 percent for the GI tract and contents.

* ~ .

With the exception of the liver and kidney values from Shot Shasta, the standard
deviations of the decay constants represent coefficients of variation of 2 to 25 percent.

For situations in which the k value approaches -. 0, a range of 25 percent would result
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in a variation of less than a factor of two assuming t2 /t 1 is less than 10. For situations

in which the k value approaches -3.0, a 25 percent variatioi7 would still result in a value

reliable within a factor of two, If t 2 /t 1 does not '.ceed five. In approximately 90 percent

of the samples processed, t2 /t 1 was less that "iva, and in only 5 percent did t 2 /t 1 exceed

ten. Thus,because t 2 /t 1 was kept small, the maximunni variation to be anticipated due

to improper selection of decay constants As a factor of two.

Considering a maximum variation of 100 percent due to differences in the decay ex-

ponents, 5 percent variation due to laborptory processing, and 100 percent variation due

to field variability, the data presented herein are representative of the relative fission

product accumulation in specific animal populations within a factor of three with the

majority of the data accurate within a fac'•or of two.

7. 3, 2 The Biological Accumu~.ation of Fission Products Rtdated to the Position of the

A generalized concept of the fallout phenomenon as experienced at the Nevada Test

Site considers three categories of fallout contamination differing in the distance from tha

point of detonatlon at which fallout occurs and/or the time after the event at which fallout

is deposited. These categories are referred to as drop out, close-in, and tropospheric

faLlout (Figure 7,4). The radiation intensity in the pattern dep nds upon many factors,

such as, the energy yield, the specific design of the device, the amount of inert material

incorpovated into the fireball, and the meteorological conditions (Chapter 2). As delineat-

ed by Program 37,, the lateral limits of a fallout pattern from tower mounted shots were

L1rbitrarily defined by the 1 mr/hr (s.t H + 12 hours) isopleths.

For these studies the length of the fallout pattern was choscn as a distance corres-
ponding to a fallout arrival time of 12 hours after the detonation. The area receiving

fallout between 1 and 12 hours after the detonations is referred to as close-in fallout and,

depvnding upon the wind speed, may vary from less than 100 miles to several hundred

miles in length..

7 It should be noted that, within the dimensions oc' close-in fallout, less than 25 percent

of the radioactivity produced by above ground detonations if, deposited; or, conversely,

75 percent of the radioactivity continues beyond the H + 12 hour distance. The fallout

deposition beyond H + 12 hour distance is in ever lessening concentrations and is refer-

red to au tropospheric fallout. For detonations supported by balloons, less than 2 per-

cent of the produced radioactivity is deposited as close-in fallout.

Within this frame of reference, the biological sampling done during Operation Plumb-

bob took place at its closest point 10 miles from Shot Diablo ground zero and at its

furthest point 322 miles from Shot Smoky ground zero. The majority of samples originated

between 15 and 150 miles from various ground zeros (Table 7. 1). The biological data,

therefore, are particularly pertinent to the fate of close-in fallout.
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DROP OUT CLOSE-IN FALLOUT !TROPOSPHERIC
LESS THAN 26% OF THE RADIOACTIVITY PRODUCED FALLOUT

BY ABOVE GROUIdD DETONATIONS IS DEPOSITED IN THIS

REGION.

GROUND
ZERO*

ZERO •- -- - ..-

A I Ifll~r (I~i~HOURS) I LINF

DISTANCE EQUIVALENT TO
BOTH THE LENGTH AiiD WIDTH OF THE LOCATIONS RECEIVING FALLOUT

FALLOUT PATTERN ARE FUNCTIONS OF 12 HOURS AFTER DETONATION
THE WIND SPEED AiD DIRECTION

Figure 7. 4 A Generalized Fallout Pattern Resulting from Kiloton Detonations at the
Nevada Test Site.

Generally the accumulation of mixed fission products in aný" particular tissue is

expected to decline with increasing distance from ground zero. For example, when the

accumulation of mixed fission products (beta activity) in the skeleton of kangaroo rats

and jackrabbits is tabulated with respect to distance of the sampling site from ground zero,

the tendency for the concentration of fission products to decline with distance appears

common to the five- detonations documented with few exceptions (Table 7.20).

Distance from ground aero of a sampling location does not permit a realistic com-

parison of biologically available radionuclides from fallout from various shots. Consider-

ation of other factors that influence the distribution of fallout in the biosphere is reflected

when comparisons of accumulated activity in animals are made with respect to fallout

time of arrival at sampling locations within different fallout patterns. Examples from

Table 7.20 indicate this phenomenon. The radioactivity levels in kangaroo rat bone are
nearly the same level fromi locations in which fallout from five shots arrived between H +

4.5 hours and H + 5.3 hours. The distance from ground zero of these sampling locations

varied from 40 to 136 miles.

Knowing that in any tissue the level of fission products changes with time, some con-

cern may be expressed regarding the comparison of radiation levels determined from

samples collected at different times (e. g., Boltzmann D + 16 days versus Shasta D + 2
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TABLE 7.20 Accumulation of Beta Activity (MFP) from Fallout Material in Bone from
Kangaroo Rats and Jackrabbits with Respect to Distance from Ground Zero
and Fallout Time of Arrival.

Distance from Fallout Time of Beta Activity,

GZ, miles Arrival, H + hours nc/gm of Tissue

Kangaroo Rats

Shot Boltzmann (Time of Collection, D + 16 days)

36 1.4 1.18
78 3.7 5.00
79 3.7 4.98
91 5.4 0.974

Shot Priscilla (Time of Collection, D + 13 days)

68 4.5 0.480
129 7.1 0.008

Shot Diablo (Time of Collection, D + 5 days)

10 2.5 7.64
13 2.9 1.87
20 3.8 1.77
40 5.1 0.54
60 6.5 1.91

Shot Shasta (Time of Collection, D + 2 days)

76 5.3 0.519
172 13.0 0.244

Shot Smoky (Time of Collection, D + 3 days)

99 4.5 0.520
136 4.8 0.470 o

Jackrabbits

Shot Priscilla (Time of Collection, D + 13 days)

68 4.5 1.22
129 7.1 0.321
197 9.5 0. 142

Shot Diablo (Time of Collection, D + 5 days)

13 2.9 12.3
20 3.8 5.54
60 6.5 0.56

Shot Shasta (Time of Collection, D +2 days)

16.9 1.0 1.97
44 2.9 6.48
76 5.4 2.11

172 13.0 3.02
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day data). If the radiation levels in the bone are corrected to a common sampling time

for each shot, the relative change in activity with time does not change; but the absolute
amount of radioactivity in the bone does, generally reflecting the degree of fallout con-

tamination.

This latter refinement is not considered necessary for this discussion since our con-

cern is with the relative biological accumulation.

A point of interest is a slight difference in accumulated activity in, animals from patterns

from the four tower-supported detonations and the single balloon-supported detonation
(Shot Priscilla). The data points are admittedly too few; however, it would appear that

the difference between the Smoky tower shot and Priscilla balloon shot corresponds to
diffurences in the distribution and characteristics of the less than 44 micron fallout part-

icles of the respective shots as described in Chapters 3 and 5. This observation is in
support of a similar phenomenon documented in some detail during Operation Teapot
(Reference 2) which relates uptake of fission products to the distribution of the less than
44 micron particle sizes.

With regard to the further influence of the position of the sampling site within the fall-
out pattern, attention must be given to the discontinuities that commonly occur in fallout
deposition which, because of their insular nature, have come to be known as !hot spoto'

(Figure 7.4). Generally the dose rate, which a fallout pattern specifically reflects, falls
off sharply with distance. Occasionally, however, the occurrence of a hot spot will pro-

duce an anomaly.

Hot spots were identified in the Boltzmann pa.".'.n (Figure 2. 1 and Table 7.20) at 78
"miles from ground zero with a fallout time of H + 3.7 hours and in the Diablo pattern

(Figure 2.3 and Table 7.20) at 60 miles from'ground zero with a fallout time of H + 6.5
hours. In both cases the hot spots are reflected by high concentrations of beta activity

in the bone tissues sampled from that area and this suggests that the degree of uptake by

ahi-mals is directly related to the amount of fallout of less than 44 microns that is associ.ated
with an animals! diet during the acute phase of contamination. In these cases there appear
to be no data indicating an unusual fractionationaor distribution of isotopes within the

fallout present; only that a higher percentage of the less than 44 micron fallout has occur-
red (Table 7.1 and Chapter 3).

" There appears to be another kind of hot spot which is concerned with isotopic fraction-
ation and is reflected by the burden of internal emitters metabolized by animals in local

areas. This kind of hot spot does not necessarily correspond in location to the gamma
radiation anomaly. Examples from Operation Plumbbob come from samples collected

following Shot Shasta (Table 7.9). Bone, liver, kidney and thyroid tissues collected 172
j miles from the Shasta ground zero (fallout time 13.0 hours, Figure 2.6) were 10 to 100

times higher than similar tissues sampled closer to ground zero.

167

I . ............. . ---



, *a

Similar areas producing unusually high concentrations of radioiodine in thyroid were
described during Operation Teapot (Reference 2) and of Sr80 in bone following Operation

Upshot/Knothole (Reference 1) and Operation Teapot (Reference 2). The concept of hot

spot must be broadened to include circumstances in which individual isotopes or tissues
may show adherent fission product concentrations due to the physical and chemical nature

of fallout debris.

7.3.3 Rates of Change in the Biological Concentrations of Fission Products

The influence of the first 20 days Lfter fallout that an animal has been grazing in a

fallout field is presented for Shot Prisc.lla, in Tables 7.4 to 7.6 and for Shot Smoky in
Tables 7. 13 to 7, 15. These data reflect the biological fate of both total beta activity and
specific radionuclides in animal populations sampled between D + 3 and D + 20 days.

In general all tissues show a decrease in total activity with increase in time after

fallout at a rate similar to those reported during Operations Upshot/Knothole (Reference

1) and Teapot (Reference 2). The kangaroo rat data are most similar to earlier data
and are believed to reflect the pattern of rate of turnover of total activity that would be

expected for adult animals grazing in fallout fields. 'rho jackrabbit data, while showing
similar trends, are more variable. The variability is, in part, due to both the sample

number and the wide range of total body weights represented in typical samples (Figure
7.3).

The relative persistence of specific isotopes present in various tissues were derived

from selected samples of jackrabbits; therefore, the rates of change documented may be
somewhat different than the rates shown for total beta activity in ioh statistically more

valid kangaroo rat samples. The data pertaining to the relative abudance of certain

radionuclides between D + 3 and D + 20 days are summarized in Figures 7.5, 7.6 and
7.7. They are useful in demonstrating that the skeletal accumulation of MIPp in animals
collected from Shot Priscilla (Figure 7,5) and Shot Smoky (Figure 7.6) are quite similar
both in the amount and distribution of the specific isotopes identified. Muscle tissue
(Figure 7.7 shows a much different proportion of the isotopes identified in the bone.

Further biological fractionation of MiP in animal tissue can be demonstrated by fol-
lowing (1) the rate of radioactive decay in the laboratory of isolated tissues sampled from

the field r.t the beginning of any particular study, (2) the decline of radioactive content of
tissues serially sampled from the field population, and (3) the rate of radioactive decay of

fallout in the environment. The three rates of decline are remarkably similar for
samples of skin, GI tract, and muscle. The decline of the radioactive content of liver
tissue, which was serially sampled from the field population, And 'he rate of radioactive

decay of isolated liver samples in the laboratory are also similar but deviate markedly
from the rate of radioactive decay of fallout in the environment (Figure 7.8).
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These data demonstrate the equilibrium between the tissue concentrations and the

biologically available fission products in the environment. Similar relationships are not

apparent for bone tissue and reflect the buildup or retention of specific isotopes (Figure

7. 9). The data are supported by similar observations made during previous weapons

testing programs (References 1 and 2).

10S\i
3,,

I.0

0,1 •... STATION W NONE TIISUE
i STATION S NONE TISSUE

i....... NVIRONMiNT OKCAY,-I.1

TISSUE DECAY,-0364

0.0 1. 0

TIME, D+÷DAYS

Figure 7.9 Comparison of Beta Decay of Isolated Bone Tii•sue (T1 13. 2 8 Bone Tissue
SeiallySarmpled from Animal Population, and the Decay Rate (T ) of Beta Activity
in Station Environment.

7.3.4 The i•uluence of the Conditions of Detonation on the Biologir.al Availability of
Fission Products from Fallout

Regarding the physical and chemical properties of fallout debris, the utilization of the
contaminants is dependent upon the radionuclides being in a soluble or digestible form.

It is perhaps desirable 'o point out that this dependency occurs whether one is concerned

with the leaching of radioactive materials through soil, with the uptake of fission products

by plant roots or leaves, or with the metabolism of radioactive residues by animals. If

the contaminants are not soluble, the effect of radioactive debris is essentially limited

to an external radiation field of more or less rapidly declining intensity.

Stated another way, the potential hazard of metabolized radionuclides is dependent

upon that portion of the fallout debris that 's biologically available, i. e., digestible or
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soluble. For this reason considerable attention has been given to characterizing close-

in fallout debris with regard to the factors which influence solubility (Chapter 5).

A comparison of the tower supported Shot Smoky (44 kt) and the balloon supported
Shot Priscilla (37 kt), each at 700 feet, shows that the concentration of fallout at any one
point was higher for Smcky. This may be sumrrrized by stating that at distances

corresponding to fallout times of H + 1 to H + 12 hours, Shot Smoky deposited 52 times
more beta radiation and 14 times more of the less than 44 micron size fallout debris than
Shot Priscilla. Within the limits of close-in (H + 12 hours) fallout, Shot Smoky deposited

approximately 76 megacuries of beta radiation compared to 1.46 megacuries by Shot
Priscilla (Section 3.3.5). Despite this difference in fallout deposition, the accumulation
of fission products in the bones of animals sampled from the respective fallout patterns

was similar.

At comparable stations, (Priscilla Station III and Smoky Station VII; Table 7. 1) the

degree of contamination in terms of microcuries per square foot of the less than 44

micron fractions was higher from Smoky fallout than from Priscilla fallout. As indicated
in Table 7.21, the activity of the GI content of rabbits at these stations averaged 5.49
times greater for Smoky than for Priscilla during the 3 week study period. The liver
activity averaged 3.19 times higher and the bone activity only 1. 41 times higher for Smoky

than for Priscilla samples. This is as would be predicted on the basis of the solubility
of the respective fallout materials summarized in Chapter 5.

TABLE 7,21 Relative Accumulation of Total Activity in Tissue Samples from Jackrabbits Grazing in Areas

Contaminated by Priscilla and Smoky Fallout (Priscilla Station Ill and Smoky Station VII)

Time of oG Tract and Contents Liver Bone
Collection
D + ays Priscilla Smoky (S/P)a Ratio Priscilla Smoky (S/P) Ratio Priscilla Smoky (S/P) Ratio I

nc/gm Tissue nc/gm Tissue nc/gm Tissue

3 3.97 13.2 3.33 2.25 0.05 3.00 1.46 0.05 0.65

4 2.04 .... 1.20 .... 1.30 ....

5 1.11 9,30 0.46 0,69 2.13 3.10 0.08 1.14 1.16
0 0.00 2.50 2.72 0.26 0.40 1.85 1.10 1.50 1.26

13 0.07 3,63 5.40 0.06 0.26 4.71 0.40 0.76 1.91

20 0.13 0.98 7.55 0.01 .... 0.32 0.67 2.09

Average Ratio 6.40 3.10 1.41

aSmoky/ Priscilla

These data suggest that, despite the much lairger deposition of fallout material by
Shot Smoky, the amount of biologically available Ba14 and Sr8 is actually greater for ;

Shot Priscilla. Thus, while the balloon supported detonation has effectively lowered the
concentration of fallout deposition (and the resultant external radiation field), it has not

significantly altered the degree of accumulation of some radionuclides (internal emitters)

during the acute phase of fallout contamination.
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Chronic tissue burdens can be influenced by the difference in level and nature of fall-
out reflected in the relative persistence of radioactivity Lit he bone of Priscilla and Smoky

samples (Table 7.20). The Smoky-to-Priscilla bone ratios change from less than 1 to

greater than 2. It is possible that this change reflects both the differen.ne in concentration

of the deposited fallout and its biological availability. The Priscilla debris, being more

soluble, is more readily metabolized. The Smoky fallout, while less soluble, was more
concentrated and gradually built up to higher concentrations in the animal population.

Apart from the exception discussed above in the comparison of the Smoky tower sup-
ported detonation and the Priscilla balloon supported detonation, the patterns for the

utilization of mixed fission products by aninais appeared to be similar for all detonations
within the time period of these studies during Operation Plumbbob.

7.3. 5 Review of Observations of Aparent Environmental Equilibrium and Biological
Availability of Sr t 195 8-1961)

Apparent Environmental Equilibrium: In 1958 and 1959, jackrabbits were collected
from Yucca Flat out to a distance of 400 miles. While most of these areas were con-

taminated during the Plumbbob Series, most (if not all) were contaminated to various
degrees during previous test series.

The Sr 9 0 soil levels in 1958 and the Sr 90 rabbit bone lcvcls in 1958 and 1959 for

the various sampling sites are listed in Table 7.22.

TABLE 7.22 1958 Sr 90 Soil Levels and the 1958 and 1959 Jackrabbit Bone Levels at
Various Sample Sitem in Nevadn and Utah

Bone,

Approx. Mies Soil 1958 pc Sr90/gm Ca
from NTS Sampling Area mc Sr 9 0 /mi2 1958 1959

0 Smoky Tower 9014 50.4 43.2

20 Area I, Nev.a 513 19.0 64.4

74 Moapa, Nev. 16 15.8 18.0
76 Delamar, Nev. 23 14.6 17.1
80 Warm Springs, Nev. 93 26.8 30,0
82 Glen Rox, Nev. 142 21.8 19.6
96 Overton, Nev. 21 15.5 13.9

132 Belmont, Nev. 32 23.8 28.0
135 St. George, Utah 46 19.6 25.3
1'i6 Enterprise, Utah 41 13.7 19.3

232 Clear Lake, Utah 26 11.1 18.5
235 Antimony, Utah 29 16.2 17.3
240 Antimony-Otter Cr, Utah 44 15.0 15.4
270 Fremont, Utah 26 17.4 14.2
272 Reno-Sparks, Nev. 16 27.3 19.0

300 Fountain Green, Utah 38 13.3 22.4
356 Columbia, Utah 67 20.6 20.7

432 Vernal, Utah 14 11.9 12.9

a 1 3 miles north of Shot "U", Jangle Series (1951)
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II

The data suggest (1) that the highest bone levels are frequently associated with the
higher soil Sr90 levels, but the relationship between bone and soil Sr90 levels is not

linear; and (2) that the bone levels remained essentially unchanged over the 1958-1959
period with the increase matched by the decreases.

The persistence of Sr 9 0 in the soil environment was examined by additional studies

conducted in the Smoky Stations VI and VII. The results are summarized in Table 7.23
and indicate that, within the limits of sampling accuracy, the Sr 9 0 surface soil levels
were unchanged over the 12 month period.

TABLE 7.23 Effect of Time on Sr 9 0 Levels in Surface Soil (0 to 1 in.)

Soil Sr 9 0 Level of Samples
me/mi at time of analvsis (1959)

Area Miles D + 3 days D + 12 months

Station VI 99 127 ± 15 109 :k 31
Station VII 136 95 -1 15 114 ±- 19

Samples of the soil profile were collected in Station VI area 3 days, 12 months, and
24 months after Shot Smoky. The analysis of these samples (Table 7.24), indicates that

the Sr90 is primarily restricted to the zurface inch with relatively small amounts in the
second inch. This analysis is in agreement with similar studies of beta radioactivity and
plutonium movements downward into soil over considerably longer periods of time in New
Mexico soils contaminated by the Trinity Shot of,1945 (See Chapter 1).

TABLE 7.24 Effect cf Time on Distribution of Sr 9 0 Levels in Soil Profile, Station VI

Soil Sr 9 0 Level of Samples
Depth, m m1/ 2 at time of analysis (1959)

inches D + 3 days D + 12 months D + 24 months

Stake 1 0 - 1 104 89.5 128
1 - 2 19.2 13.7 9.20
2 - 3 Bkg Bkg --
3 - 4 Bkg Bkg --

Stake 13 0 - 1 112 154 106
1 - 2 22.9 9.76 14.2
2 - 3 1 5 9b Bkg --
3 - 4 2 . 7 9 b Bkg --

Stake 16 0- 1 130 169 178
1 - 2 19.5 29.8 3.07
2 - 3 Bkg 5 .5 8 b --

3 - 4 Bkg Bkg

aBkg: Soil background.
bProbably sample contamination during collection.
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These studies support the concept of a persistent Sr90 surface soil contamination of
noncultivated areas in the environs of NTS.

Biological Availability: Differences in the half-lives of radionuclides in the precursor-
chain of Sr 8 9 and Sr 90 suggest that the distribution of Sr 8 9 should not be indicative neces-

90 89 90sarily of the distribution of Sr . The proportion of Sr to Sr in the bone ash of jack-

rabbits along the midline of a Teapot Series fallout pattern was found to be variable at
different distances from ground zero (Chapter 1).

90
Subsequent studies were specifically related to the distribution of Sr in the environ-

ment and its accumulation by small native rodents. Because of the chronic nature of Sr 9 0

contamination, the time sequence of accumulation has been emphasized.

A study area, Area I, was established in 1952 approximately 13 miles north of Shot

"U" and had been ground zero in the two fallout patterns from the Jangle Series (November

1951). As indicated in Table 7.25, soil Sr 9 0 levels in this area were increased by

approximately an order of magnitude with this series.

TABLE 7.25 Sr 9 0 Levels in Soil and Jackrabbit Bone from Area 1, 13 Miles North of
Jangle "U" GZ

Contamination Date of Soil Sr 90  Bone
Event Collection me/mi 2  pc Sr 9 0 /gm Ca

Ranger,
Jan/Feb 1951 Sept. 1951 23a NCb •

Buster/Jangle, Nov. 1951 2 0 0c NC

Oct/Nov 1951 Oct. 1952 NC 33 * 13

JUpshot/Knothole, July 1953 438 1 56 NC
Mar/June 1953 Apr. 1954 NC 26.3 112.5

Teapot, Apr. 1955 NC 9.4
Feb/May 1955 Oct. 1955 NC 11.8 k 6.3

Oct. 1956 570 :- 105 l.0 1 0.85

Plumbbob, June 1957 NC 24.1 + 6.9I
May/Oct 1957 Aug. 1957 NC 25.7 1 12. 4

Aug. 1958 560 73 19.0* 1.3

Hardtack 11,
Sept/Oct 1958 No Collection Made

Kiwi-A
July 1, 1959 Aug. 1959 386 1 87 64.4 :E 33.8

May 1960 564 95 22.8* 12.7

a0. 9 mile northwest of area

bNC: no collection made.

CEatimated on basis of contaminated soil flats located preshot.
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The availability of this fallout to plants in glasshouse studies was considerably greater

than that observed for tower shot fallout. This material plus an increment of fallout from
the Tumbler/Snapper Series resulted in a value of 33 pc Sr 9 0 /gm Ca in the bone of

rabbits collected in the fall of 1952. This was the highest value observed until 1959.

No apparent increase in Sr0 of bone was recorded following the Upshot/Knothole

Series in the spring of 1953 nor following an apparent 3016 increase in the Sr of the soil
during the Teapot Series of 1955. An approximate doubling of the previous year's bone
level was detected due to this series (Plumbbob), although soil levels apparently were

not increased. An increase was also observed immediately following the first nuclear

propulsion experiment (Kiwi A) in 1959.

Shot Smoky increased the Sr contamination level of soil at Station VI by an estimated
65% to approximately 100 mc/mi2. As stated earlier in this chapter, kangaroo rats and

jackrabbits were collected 3, 5, 9, 13. and 20 days after fallout to determine the early
rates of fission product accumulation (Table 7.26). Kangaroo rats and jackrabbits showed

an early response to the additional Sr 9 0 increment, at least as early as the second col-

lection (D + 5 days). A rapid equilibrium was also demonstrated between the animals and
the environment since maxima were generally reached well before the 20 day sampling
period was completed. Similar rapid response and equilibration with the environment were
observed with respect to the shorter lived, bone seeking fission products, Sr89 and Ba140

in rabbit bone.

TABLE 7.26 Sr 9 0 Levels in Bone of Kangaroo Rat and Jackrabbit, Station VI

Sr' W0Bone
Date pc Sr /gm Ca

of Collection Kangaroo Rat Jackrabbit

Oct. 12/55 -- 20.6

Aug. 31, 1957 Contaminating Event: Shot Smoky

Sept. 3/57 5.34 20.7 + 9.93

Sept. 5/57 6.62 22.7

Sept. 9/57 6.43 26.8 ±13.6
Sept. 13/57 9.64 25.0 - 6.98

Sept. 20/57 8.69 --

July 3/58 8.33

July 7/58 8.48 19.4 ± 5.27

Aug. 12/59 -- 33.4 +12.7

May 1960 -" 19.3 ± 7.04

May 1961 -- 10.0 6.32
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Subsequent sampling of kangaroo rats showed that the maximum levels of Sr bone

contamination reached during the 20 day initial sampling period tended to be maintained

1 year later. Jackrabbit bone levels reflected an increase in 1959, a return to the 1958

level in 1960, and an abrupt drop in 1961.

The relatively poor correlation between the Sr90 levels in soil and bone suggests that

some fraction, ratherthan the total, of the Sr90 fallout was of primary significance with

respect to biological uptake. For example, when 1958 soil samples collected along the
90Smoky midline were leached with 6 N HCl, the correlation between the Sr soil levels

so obtained and the corresponding bone levels was much improved (Table 7.27).

TABLE 7.27 Comparison of Bone Sr90 Levels to Soil Sr90 Levels(a)

Sr 90 in Total HCI Percent
Miles from Jackrabbit so'l soW I soluble

Location NTS bone, SrbO(b) 5  c Sr 9 0

pc/gm Ca Mic/mi

Smoky Area 1 50.4 9014 980 10.9
Nye 1, Ne,,. 12 23.2 933 58 6.2

bGlen Rox, Nev. 80 21.5 142 18 13.0

H . Enterprise, Utah 140 13.8 41 27 66.7

j Panguitch, Utah 205 12.9 32 16 50.3

Columbia, Utah 350 20.9 67 48 71.8

aDetermined by fusion and 6 N HCl extraction (1958 sample collection)

Determined by sodium carbonate fusion method of analysis

cDetermined by extracting with 6 N HCI

It is noteworthy that the Sr90 which is soluble in HCi represents an increasing per-

"centage of the total Sr 9 0 as distance from ground zero is increased, which agrees well

with the increasing percentage contribution of less than 44 micron fallout particles at

greater distances from ground zero. In addition to enhanced solubility properties over

larger materials, such particles are somewhat enriched in Sr content apparently due

to a rare gas precursor which limits the incorporation of this particular nuclide at the

earlier time of formation of larger particles. Consequently, it seems feasible to con-

sider the more soluble and ubiquitous small fallout particles as the major source of

Sr 9 0 to the native animals in the fallout pattern.

Despite what appears to be a rather constant Sr 9 0 soil environment, sharp drops in

the jackrabbit Sr 9 0 bone levels were observed in Area 1 in 1955 and in Station VI in 1961.

If the bone levels of jackrabbits collected in the latter area in 1958 and 1961 are plotted

as a function of body weight, which may Lbe used as a rough indication of animal age, the

values are distributed as illustrated in Figur-I 7. 10. In 1958, one year after the Shot
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hI90 90Smoky coniamination, 41 of 43 animals had Sr bone levels in excess of 10 pc Sr /gm

Ca regardless of weight (or age). In contrast, in 1961. 39 of 53 animals had bone levels

of less than 10 pc Sr /gm Ca. The higher levels were restricted to the heavier, or

older, animals.

o JULY 1058

* MAY 1961

0 0 0

I o •
25 - 0 0"0 0

00

000 0

' o 0 OD 0oo

', 0 0 0 ,,,

I000 1400 1800 2200 2600

JACK RABBIT WEIGHT, GRAMS

Vi ture 7. 10 Comparison of Bone Sr 9 0 Levels in Jackrabbits Collected Near Station VI 1

S~The fact that older animals of the 1961 population included individuals having both"
Si+ ~low and high Sx90 levels, coupled with an estimated life span of at least 2.7 years for the •

1. T oldest Jackrabbits in this area (References 5 and 6), strongly implies that the higher

900

levels of Sr0 are associated with animals which were living early in the sequence of

o•ontamination- -I.e..: the Plumbbob fallout- -rather than with animals which were born

later and merely lived In a contaminated environment.

There are a number of possible explanations for a lower Sr• 0 bone level of animals

born subsequent to contaminating events. For example, plant foliage serving as food has

a higher contamination level immediately after fallout. It was first shown during the
T-Cpot Series (1955) that vegetation tends to be a selective fallout collector for fallout

particl t which range predominantly from the less than 1 to 14 microns in diameter in the
great number of samples investigated. ein tThrear anmbr f osileexlnaios oraloerSrý bnelee1o7aiml

'_+++:,)i•bor subsequent to. conamnain evets For:+ e.xample . .. ", pln fo, :lig se q,+J"rvn as foo has



Data presented in Figuries 6.8 and 6.9 show that, by comparing the decay rate of

fallout in the environment to the beta radioactivity level of serially sampled plant leaves,

the entrapped particles were persistent for the sampling period extending from 3 to 20

days after fallout. However, the contamination of new growth appears to be due to a very

few particles of redistributed fallout. Gross beta analysis and autoradiograms of Station

VI plant material collected in 1961 did not reveal the presence of particulate contamination.

It should also be noted that native vegetation in Nevada has not been shown to accumu-

late falloL. -derived fission products via the root system; autoradiograms of plant materials
coll,-c (I uring or immediately after test series have shown only point-surface contamina-

tion ±Llictive of particulates rather than the diffuse distribution pattern indicative of

metabolized radioisotopes.

Several observations among the presented data lend support to the concept that only

a fraction of the total Sr 9 0 in fallout debris deposited in environs of NTS is available for
metabolism by indigenous animals. In Area I (Table 7.25) the June, 1957, increase of

Sr90 in bone was approximately twice the 1956 level and occurred within a few days after

the first detoi.titnca of the Plumbbob Series. In July 1959, a similar abrupt increase of

Sr 9 0 levels in bone in Area I immediately after the Kiwi-A experiment in the adjacent
S~Jackass Flats.

In Station VI (Table 7.26) the maxima in bone levels which were reached rapidly
during the 20 day serial sampling period, likewise suggest that a fraction of the total
deposited Sr90 is biologically available. Under such circumstances, inhalation as a

mechanism might be suspected; however, with domestic rabbits, inhalation was shown

to be relatively unimportant as a method of particulate contamination during the Teapot

Series of 1955 (Chapter 1).

The relative importance of the various pathways by which fallout-derived Sr 9 0 may

enter the animal is not readily apparent. However, it is apparent from the occurrence
of reductions in the Sr bone levels of the jackrabbit population several years after con-

taminating events, that the biological availability of Sr 9 0 is much greater at some early

time after fallout. It is also quite likely that mechanisms for the reduction of potentially

available Sr 9 0 exist in the environment, regardless of anparently persistent Sr 9 0 soil

levels.

7.4 SUMMARY

1. The data presented are representative of the relative fission product accumulations

in adult animal population of the species studied within an overall factor of two.

2. Comparison of the biotic data from five different detonations shows a marked

similarity in the pattern of mixed fission product accumulation (total beta activity) in

animal tissues. The similarity is apparent when the data are related to the time at which

fallout occurred. Total activity .n tissues tended to decrease as the fallout time-of-arrival
increased.
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3. The rate at which the total beta activity in tissues decreased with increasing

time of fallout was slightly greater for the balloon supported Shot Priscilla than for four

tower supported detonations and correlated with differences in the amount of the less than

44 micron fallout material that was deposited.

4. For comparable locations within the two fallout patterns (Priscilla and Smoky),

the amount and kinds of radionuclides present in bone samples were similar despite dif-

ferences of orders of magnitude in the amount of fallout deposited by the two shots. This

similarity can be accounted for by the relatively higher solubility of the Priscilla fallout

material.

5. Biological 'hot spots' were identified with Boltzmann (78 miles from ground zero),

Diablo (60 miles from ground zero), and Shasta (172 mniles from ground zero) fallout

patterns. The degree of biological accumulation in the Boltzmann and Diablo hot spots

reflected the heavy deposition of fallout, particularly of the less than 44 micron fraction,

in these areas. However, high values occurred in animal tissues sampled from a Shasta

location even though dose rates obtained by ground and air monitoring failed to reveal

correspondingly high levels of deposited radioactive debris in that area. Other animal

tissues sampled from the Shasta radiological hot spot did not show high fission product

concentrations.

6. Apart from the exceptions shown by comparison of the tower supported Shot Smoky

I and balloon supported Shot Priscilla, the pattern of biological accumulation of beta activity

appears to be similar for the detonations studied during the Plurnbbob, Teapot, and Up-

shot/Knothole Test Series.

7. Jackrabbit bone levels of Sr90 from animals in Station VI Area were about the same

in 1958 as in 1957. There was an increase reflected in 1959, followed by a decrease to
90the 1957-58 levels in 1960, and an abrupt drop in 1961, i.e., from,25 to 10 pc Sr /gm

Ca. This occurred despite the apparent constant level of Sr90 soil' environment.

8. Data suggest that the higher levels of Sr 9 0 in the indigenous animals are associated

with animals which were living in the early sequence of contamination, i.e., during

and immediately after fallout, rather than with animals that were born later and merely

lived in the contaminated environment.
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CHAPTER 8

FALLOUT IN AGRICULTURAL SYSTEMS

Fallout injected into the agricultural activities conducted in the region surrourding

the Nevada Test Site was evaluated for its significance to food production. Accumula-

tions of radionuclides in soils of the region from earlier teit series were determined.

The distribution of fallout debris from Operation Plumbbob among crops and underlying

soils was determined. Its subsequent redistribution by natural processes and those

incident to the cultural activities required for food production were defined.

The levels of radioactive contamination associated with crops used by the production

of milk were assessed and related to the Sr90 and Cs137 content of the milk produced.
Fallout solubility was compared to biological availability. The significance of biological

availability of debris from Shots Priscilla and Smoky was defined to better relate such
factors as fallout deposition and the physical and chemical properities of the fallout

material, with the agricultural cycle wherein man's food originates.

8.1 PROCEDURES

This study was dependent upon fallout patterns crossing operating farms, especially

dairy farms. The level of radioactive contamination determined the duration of the

study. Two mr/hr at H + 12 hours was estimated to be the minimum acceptable dose

rate to accomplish the objectives of the project. Such a dose rate would afford the oppor-
90 137

tunity to determine the biological availability of Sr and Cs from close-in fallout, as

measured by concentrations of these radionuclides in milk from dairy cattle maintained

in contaminated environments. When feasible, farms were selected for study near Pro- .

ject 37.1 study areas or Project 37. 2a stations.

i, Selected areas were sampled pre-Plumbbob in order to establish background reference

values. Each area was located within 3 miles of a U. S. Public Health Service surveillance
station. An estimate of pre-Plumbbob fallout contamination, expressed as infinite gamma

dose is summarized in Table 8.1. Also, five of these areas were farms that had been

r documented by the AEP/UCLA group following the Teapot Series (1955) because of their

proximity to the midlines of the respective fallout patterns.

Dairies were operating on seven of the farms selected. Samples of soil, forage crops,

hay, dairy suppliment feeds, cattle feces, anC milk were collected from these dairies.

* The experimental work, interpretation, and writing in this Chapter were done by

Dr. H. A. Hawthorne, This work served as a basis for Dr. Hawthorne's continuing
study of radionuclides in agricultural environments being done at the Laboratory of

i' Nuclear Medicine and Radiation Biology, UCLA.
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Soil samples were collected from the other selected areas. All areas were resampled

after O iration Plumbbob in order to establish a comparative set of data.

TABLI 8. 1 Infinite Gamma Dose at Selected Locations in the NTS Environs

Estimated doses and geographic locations obtained from Reference 1. NS, not significant.

Monitoring Infinite Dose. R

SLocation Pre-Plumbbob Plumbbob Total

4 Barstow, Calif. 0.01 NS 0.01
Bishop, Calif. NS 0.06 0.06

Alamo, Nev. 1.30 0.04 1. 34
Caliente, Nev. 0.70 0.01 0.71
Eureka, Nev. 0.20 0.60 0.80
Lund, Nev. 0.80 0.44 1.24
Mesquite, Nev. 1. 80 0.24 2.04
Overton, Nev. 0.35 0.08 0.43
Pahrump, Nev. 0.20 NS 0.20
Tempiute, Nev. 4.00 1.90 5.90

Beaver, Utah 0. 25 NS 0. 25
SBeryl Jct., Utah 1.00 0.05 1.05

Cedar City, Utah 0.40 0.24 0.64
Milford, Utah 0.10 NS 0.10
Panguitch, Utah 0.20 0.50 0.70
St. George, Utah 3.00 0.70 3.70
Veyo, Utah 2.00 0.82 2.82

Agricultural areas sampled after fallout contamination from various Plumbbob shots

are identified in Table 8. 2. Farm.s within the fallout patterns from Shots Priscilla and

Smoky were selected for comprehensive studies. Available data from Projects 37. 1,

37.2 and 37.2a on, these fallout patterns permitted a more complete documentation of

the amount of deposited fallout material and its characteristics then heretofore available.

All agricultural areas Were, dqcu'mented and the samples assayed according to the detailed.

procedures described in Appendix A, Section A. 2. 6.

8.2 RESULTS AND DISCUSSION

137 90
a8.2.1 Accumulation'of Cs 1 3 7 and Sr in Soil from Farms in the NTS Environs

Data presented in Table 8. 3 show the pre- and post- Plumbbob concentration of Cs 1 3 7

in soil collected from nine farms and three grazing areas (virgin soils) in the NTS en-
13.7

virons. The amount of Cs in soil collected from the plow layer, i.e., the top 6

inches, of cultivated fields on these farms was apparently dependent upon the number

of fallout patterns that had crossed the area. In samples collected pre-Plumbbob, Cs3
2 PlmbbthCs137 vle nsi

values ranged from 18.5 to 82.5 mc/mi . Post-Plumbbob, the Cs values in soil
2

samples from six farms sampled pre-Plumbbob ranged from 38.8 to 82.7 in/mi with

no change in three locations.
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TABLE 8. 2 Geographical and Radiological Descriptions of Collection Locations

Radiological data supplied by Project 37.2. Fallout patterns shown in Chap'er 2 figures. Dose ite
normalized to T-IB equivalent dose. (A), split midline. E, time of fallout arrival extrapolated,
I, mr/hr from isoploths. Jet, junction. liv highway. Rd, road.

Shot Shot Miles Miles Fallout Dose rate at
Collection fallout date from from' time, H + 12 hour,
Location pattern 1957 GZ midline H + hour mr/hr

Farms

Bishop, Calif. 0.5 nit W Jet Kepler 7/24 12C 60 SW 12.0 E 2 1
Hwy 6 and 395, on Hwy 395 Wheeler 9/2 128 20 N

Barstow, Calif. 1.4 mi E, 0.6 Coulomb B 9/16 -- -- I. <0. I
mil S Jet Hwy 91 and 466

Alamo, Nev. 1. 2 miS of Wilson 6/18 52 10 5 14.0 E 0.756
nigh school Priscilla 6/24 58 22 N 6.2 E 0.75 1Diablo 7/15 55 40 S 6. 2 E 0.8 1

CAliente, Nev. 3.3 m i S Jet .. .. .... ....
Hwy 93 and Elgin Rd, on
Elgin Rd

Lund, Nev. 0.8 mi S of high Hood i/5 130 28 N 7. 4 E 0. 3
scnool,0 6 mi W, 0.2 ml S DiuhLo 7/15 130 15 E 12.3 E 6

Owens 7/25 130 21 E 6.0 E 0.4

Lund, Nov. 0,8 ml S of high Shasta 8/18 130 65 E 10.0 H 1.0
school,3.6 mi W, 0.2 ml S Doppler 8/23 130 4 E(A) 10.8 E >1.0

13 E(A)
Charleston 9/28 130 39 E <0.3

Mesquite, Nev. 2.6 ml S o Smoky 8! 31 115 17 S 7.0 1.3
post office on Hwy 91, 0.5 La Place 0/8 115 0 13.0OE
mi SE

Overton, Nev. 0. 1 ml E Smoky 9/31 95 22 S 8.5 H 1.2
city limit on Hwy 12 '"a Place 9/8 95 16 S It. 3 E

Pahrump, Ne". 5.6 mi S Jet .. .. .... ....
Hwy 52 and 16, 0.5 mi H Hwy 10

Antimony, Utah 1,4 mli N of Smoky 8/31 233 0 (A) 14.22E 7
grammar school,0.4 ml E
of Hwy 62

Beaver, Utah 1.1 mi W Jet Smoky 8/31 205 26 N 12.0 E <0.5 1
Center and Main Street

Cedar City, Utah or, College Priscilla 6/24 170 7 N 12.0 E 0. 5
Southern Utah campus Smoky 8/31 170 19 N 5.6 4.5

Beryl Jet, Utah 0.9 mil NWof Priscilla 6/24 146 24 N 12.0 E 0.5 1
Jct Hvy 18 and 58, 0.5 mi Smoky 8/31 146 21 N 4.5 E 0.5
S Hwy 56

Fremont, Utah 1.3 ml S city Smoky 8/31 250 3.5 S(A) 16.5 E 4
limit on Hwy 72

Milford, Utah 3.0 mi S Jct Smoky 8/31 187 50 N 11.0 E <0.5
Hwy 129 and ra.troad, 0. 8
ml W

Panguitch, Utah 0.3 mi N Smoky 8/31 205 0 11.8 14
Courthouse, 0.6 mi W Hwy
00

St. George, Utah 0.4 mi E Priscilla 6/24 139 18 S 9.5 0.5 1
Nat'l. Guard Awmory, 0.5 Smoky 8/31 138 7.5 S 7.2 10
ml S on Hwy d4

Veyo, Utah 0. 4 mi H Jet Priscilla 6/24 133 0.6 N 7.1 6
Hwy 10 and Gunlock Rd, 0.0 Smoky 8/31 132 9.5 N 4.7 5

mi N
Virgin Areas

Deiamar, Nev.20 ml W V.'ilson 6/18 80 5 NW 13 E 0. 8 1
Caliente on Hwy 93, 14.4
ml S

Eureka, Nov. 2.0 ml W of Owens 7/25 172 24 W 8 E 0.9 I

post office on Hwy 50 Shasta 8:18 172 2 E 13 E 4 1

Tempiute, Nev. 1.0 ml W of Wilson 6/18 42 15 NW 10 E 0.7 1
post office Ilood 1/5 42 6 E 2.5 E 0. 71

Dtablo 7/15 46 0 5.5 E 00 I

Doppler 9/93 46 4 W 3.5 E 0.1 1
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TABLE 8. 3 Cs a in Agricultural Soils of the NTS Region, Before or After
operation Plumbbob

Soil cores were of 0-6 inch depth except 0-2 inches at Eureka and Tempiute, Nevada,
0- 4 Jz~ches deep at Lund, Nevada, in May. See Table 8. 2 for collection locations.
Cs1l analysis by Dr. P. F. Gustafson, USAEC Argonne National Laboratory. NA,
no analysis made.

Core Samples Surface Soil
Collection April- October- April- October-
Location May November May November

cmci i 2  mcI mi 2

V Farm Soils

Alamo, Nev. 53.7? 82.7 11.9 11. 7
Caliente, Nev. 18.5 38.8 NA NA
Lund, Nev. 64. 2 58. 5 18. 8 24. 9
Mesquite, Nev. 60. 3 60. 8 NA NA

Beaver, Utah 82. 5 70. 6 NA NA
Bt~'ylJct., Utah NA NA 12.7 17.5
Ceciar City, Utah 37. 1 57. 1 NA NA
Milford, Utah NA NA 27. 0 26. 0
St. George, Utah 34.2 73.4 21.2 21.1

Virgin Soils

Delamar, Nev. NA NA 142NA
Eureka, Nev. 12. 4 12. 2 NA NA
Tempiute, Nev. 30. 7 67. 8 NA NA
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The amount of Cs137 in pre-Plumbbob surface soil samples (0 to 1 inch depth) from
2five of the above nine farms ranged from 11.9 to 27.0 mc/ mi . Post-Plumbbob, the

C137 values in surface soil from three farms ranged from 11.7 to 26.0 mc/mi2 with

no change in two locations.

There is no apparent correlation between the amount of Cs1 3 7 in the plow layer and

the Cs in the surface layer or the infinite gamma dose (Table 8. 1). Several factors
that may influence this observation will be discussed in the following Sections.

A wide range of Sr concentration occurred in the soil cores collected within 205

miles of the Nevada Test Site in the fall of 1957; therefore, an average Sr value for

this region was inappropriate (Figure 8. 1). The acid leaching procedure recommended

for worldwide surveys of soil Sr 9 0 was used to obtain the acid-soluble Sr levels
90 2

shown in Figure 8.1. These ranged from 2.0 to 42. 3 mc Sr /mi
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1Acid-Soluble and Total Sr0 0 in Soils Within 205 Miles of the Nevada Test

1957.
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For comparative purposes, total Sr 9 0 was measured in a duplicate set of soil cores

following a carbonate fusion. Sr90 values obtained by this procedure were generally

much higher thamn those obtained by leaching the soils with 6 NHC1. Consequently, the

carbonate fusion method was used for determining the total Sr90 in soils during this study.

The data are presented in Figure 8.1

8. 2.2 Chemical Properties of NTS Fallout in Soil

The 6 N HCI solubility of Sr 9 0 in soil varied from 13 to 100 percent of the amount
• of Sr9 found by the carbonate fusion method (Table 8. 4). The solubility of Sr0 in fall-

out debris is considered to be an important factor in determining the biological availa-
bility of the Sr 9 0 to plants, to domestic animals, and to man.

TABLE 8._4 Coil Sr90, Acid-Soluble Sr90, and Infinite Gamma Dose at Various Distances
from GZ

Soil samples are 0 to 6 inches deep. Collection locations are defined in 9Tdble 8.2.
Infinite dose are taken from Table 8.1. Extractions with 6 N HCland Sr analyses by
USAEC Health and Safety Laboratory, New York Operations Office.

Infinite Distance Total Sr90 Solu.ble
Collection Dose, from GZ, Sr 9 0  in 6 N HCL,
Location roentgens miles mc Ini 2  pct -

Tempiute, Nev. 5.9 45 218 19
St. George. Utah 3.7 135 111 22
Mesquite, Nev. 2.0 115 39.1 13
Alamo, Nev. 1.3 5 30.8 50
Lund, Nev. 1.2 1'30 64.4 47
Caliente, Nev. 0.7 95 22.9 63
Cedar City, Utah 0.6 170 62.4 58
Overton, Nev. 0.4 95 22 44

Beaver, Utah 0.3 205 28.8 102

Data related to the solubility of Sr 9 0 , shown in Figure 8. 1, Tables 8. 1 and 8. 2, are

summarized in Table 8.4. Linear relationships were not indicated for the variables

tabulated. There was an inverse relationship between fallout gamma dose (in roentgens)

and the acid solubility of Sr90 in that the least-soluble fallout material was at locations

at whicb the radiation dose was greatest and that the most- soluble Sr90 was at the location

with the lowest fallout intensity. At locations having fallout of intermediate acid solubility,'

there was little correlation between solubility and either the total Sr90 deposited or the

fallout intensity.

Soil properties were not significant in affecting the acid-solubility of Sr 90 . Lab-

oratory studies indicate the recovery of Sr 8 5 from "spiked" samples ranged from 87 to

99 percent with 6 N HCI; and, with 1 N ammonium acetate (NH 4OAc), the r'ecovery was

between 77 and 90 percent (Table 8.5).

187

!4,.



TABLE 8. 5 Soil Strontium Solubility in Hydrochloric Acid and Ammonium Acetate

Soil cores are 0 to 6 inches deep from collection locations defined in Table 8. 2. Sr 9 0

recoveryistaken from Figure 8.1. SD, standard deviation.

Pct Soil Sr 9

Pct Sr 8 5 Recovered Recovered inCollection

Location 6 N NCl 1 NH4 OAc 6 N HCl

Alamo, Nev. 90. 5 90.5 50
Caliente, Nev. 9b. 6 79. 3 63
Lund, Nev. 87.3 76. 7 47
Mesquite, Nev. 92.8 87.1 13
Beaver, Utah 95.0 78.4 102
Cedar City, Utah 94.5 87.4 58
St. George, Utah 91.1 78.6 22

Mean -i SD 93.5 ± 5.1 82.3 +5.8 50.7 + 29.1

Samples from Mesquite and Lund wern selected to represent the least solubility of

,soil Sr0 and an intermediate solubility. To simulate field irrigation practices in the

laboratory these soils were wet and dried through twenty cycles to simulate irrigation
85

treatments in the field. Repeated wetting and drying cycles had little effect on Sr recov-

cry. The percent recovery of Sr85 in HC1 and ammonium acetate respectively, were:

Lund, 84 and 94 and Mesquite, 81 and 83. The results of the experiment indicated that
90soil characteristics per se did not cause significant differences in acid-solubility of Sr

fallout from the soil cores.

The relatively low solubility of Sr 9 0 in cumulative fallout deposited near NTS is largely

an indication of the larger proportion of low solubility debris deposited "close in'.

Several of the sampling sites were near midlines of fallout patterns from tower detonations.

Such detonations have predominated at NTS, and many of the fireballs have intersected

4 the ground. Most of the radioactivity in the debris has been found in relatively insoluble,

large particles (Section 1. 2.3).

137Theoretically it should be possihle to determine the Cs content of a soil sample
by gamma spectrometry and to multiply this by a fixed Cs137-to-Sr ratio to obtain the

SSr90 present in the sample. Confirmation of the validity of this technique was sought.

90It was found that using this theoretical radioactivity ratio to predict Sr in soils with
90 90

high Sr levels in the vicinity of NTS could mnderestimate the Sr by a fac tor of nearly

6. The Cs137 to-Sr90 ratio in soil froii eight locations (Tables 8. 3, 8.4) showed sign-

ificant deviations from the theoretical 1. 76 ratio (Figure 8.2). The Cs -to-Sr ratio

was high at locations with little fallout and progressively decreased as the soil Sr 9 0

increased. The correlation coefficient of -0.95 (significant , t the 1 percent level) indicated

that the empirical least squares relationship between low Cs 1 3 7 _to-Sr9 0 ratios and high
90soil Sr levels was consistent.
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The cause of low activity ratios in NTS soils, contaminated by tower supported

detonations, was the low activity ratios in particles from those detonations. The soil

a:90

at locations with the heaviest Sr0 deposits was known to be contaminated by fallout from

devices detonated on towers. The activity ratios of fallout particles from the tower sup-
ported Smoky detonation are shown in Table 8. 6. The ratios were 10 to 40 percent of

137 90

the theoretical ratio and show that the particles were Cs deficient relative to Sr iS

There was a consistent decrease in the activity ratio with increasing particle size at

deposition times from 1 to 6.5 hours.

TABLE 8.d Ca 137_ towSr90 Radioactivity Ratios of Smoky Fallout Particles at Time of

Deposition

Particle Hour of Fallout ArrivalDiameters,

Microns H+1.15 H+4.5 H+ 5.6 H+ 6.5
Cs137/Sr 9o Ratio

0-44 0.77 0.47 0.36 0.35

44-88 0.37 0.36 0.42 0.30

149-250 0.20 NA(a) NA 0.27

(a) NA, no analyses made
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8.2.3 Strontium 9 0 and Cesium 1 3 7 .in Milk from Farms in the NTS Region

Milk derived from feeds contaminated by Shot Smoky showed the greatest variation

in strontium units (pc Sr90/gna Ca) of milk from the feed production period 1956 to 1959.

The decreased strontium unit variation iin 1938 milk and its further reduction in 1959

milk were interpreted as indicating that contamination from Operation Plumbbob was

progressively decreasing in suscepttbility to redistribution (Figure 8. 3).
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the lk for S 9 5 dataIn Fg e 8.3 came from dairies bounded on faoth n therst
Aigrtesa F.3Sreontu Pangitch and Hurickane a untahn tof Tiverton aned Paroumpio, Nevad ando

t IHfrohOeratifon Sr90bob MoainFgre thnhlftesape came from dairies ione n ether nothwestb

Boltzmann or the Smoky fallout patterns (Chapter 2, Figures 2. 1 and 2. 7 a, b, respectively).
The Boltzmann fallout pattern was represented by milk from six dairies in the 1958 Sur-

tey and from four dairies in the 1959 survey. The Smoky pattern was represented by

milk from fifteen dairies in 1958 and from eight dairies in 1959. The ranges in strontium

unitsof the milk 59sry tem a from dairies inbothofthesefasoverlapped, and the means

of these units were sufficiently close to the general mean for all of the milk in each of

these 2 years so that there was no significant difference in strontium units.
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Milk from cows which were fed 1956 hay had the lowest mean strontium units and the

smallest standard deviation of milk in the 4 year period (Figure 8. 3). The highest mean

strontium units and the greatest standard deviation was in milk produced from feeds con-

taminated by the Smoky fallout pattern midline during Operation Plumbbob. The strontium

units in milk from the 1958 and 1959 surveys showed progressive~ly lower mean strontium

units and decreasing standard deviations. In the 1958 survey, milk from dairies located

near Shot Boltzmann and Smoky fallout pattern midlines had the higher strontium units.

At a given distance from ground zero in the 1959 survey, rilk with the highest strontium

units was not necessarily from a dairy near the location of the maximum Plumbbob gamma!;|,!dose rate.
The mean values and standard deviations for the concentration of Sr90 and Cs137 in

milk produced by cattle maintained on feeds produced in the years 1956 through 1959,
showed the same trends described for the strontium units. Our interpretation is that

fallout particles from Operation Plumbbob were becoming increasingly difficult to remove

from their original positions by redistribution processes occurring in the NTS environs

(Figure 8. 4).
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Figure 8. 4 Variation in Concentrations of Sr0 and Cs1 in Milk Produced from Feeds
Ur~o-wn_, 96 to 1959.

The Cs 07 and Sr 9 0 in milk approached equivalent concentrations during the highest

Sr0 concentrations in the samples taken in 1957 and 1959 (Figure 8. 5). The correlation

coefficients of 0. 78 and 0. 70 (significant at the 1 percent level) for Plumbbob and 1959
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niL. 'espectively, show clearly that the relative increases in 13S and Sr 0 were not

lineu~ly related. The "best-fitting equation" relating concentration of Cs 17to those of

Sr 00in the same milk samples was derived by "least squares" methods.
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Figure 8.6 Relationship Between Cs1 -to-Sr,9 Radioactivity Ratio and Sr00 of Milk
P•dued Either from 1959 Feed or After Shots Priscilla and Smoky.

8. 2• 4 Strontium 9 (0 Deposition in the Smoky Fallout Pattfirn

The Sr90 deposited near the midline of the fallout pattern trorn Shot Smoky made a

Siubstantial increase in the Sr90 in surface soil of the NTS environs. At Panguitch and

Antimony, 205 and 233 miles ft'om ground zero, rvospectively, the Sr90 concentration fromI Sm-oky was inore than one-third of the total potittahot concentration (Table 8. 7) even thotigh
Antimony was near' the •"Iot fallout i-ittorn in 1955 (Refor-unce 2).

'l'AB3LE,3 8. 7 Sr 9 0 in Surface Soil or Utah Farms After Smoky Fallout Deposition

SColjt, tion localions are given in Table 8, 2. See mothoi oof Smoky Sr calculation In
Section H. 2. 4. Soil was 0-1 inch deep. The total Srih wai, de•trmInelld after' sodium
ear'bonatO fuion,....

LCollection Collection Hteplicatos .... me/i 2

Locution .,at, [ield Compostd T'1otal SI' Smoky Sr

Panguitch I) -I. '/ Pa turo Ii 50, '1 Il. (I
ft i"roIiont I + ' ) A Ia I fr. 2, i1)3D 0 1), 11
Antimony I) I 51 A I a Ifra 3 215.2 f), (i
V)YO 1I10 Alfalfa . 6..1) .. •2,
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The Sr from Smoky fallout was calculated as the product of the surface soil beta

activity from fallout (Table 8. 8) multiplied by the Sr9to-beta ratio of isolated Smoky

fallout particles (Table 5. 5) corrected to H + 12 hours. In fallout deposited at a parti-

cular farm, the percentage of beta activity for each particle size range was obtained from

the time of fallout arrival (Table 8. 2) and the percentage of beta activity deposited in < 44

micron particles (Table 3.2). For example, at Panguitch the time of fallout arrival was

H + 11.8 hours; and 49 percent of the integrated beta activity deposited at H f 12 hours was
90in particles less than 44 microns in diameter, which had a Sr -to-beta ratio of 6. 8 x

-410 percent. The remaining 51 percent of the beta activity deposited at Panguitch was
considered to be in particles between 44 and 88 microns, which had a Sr 9 0 -to-beta ratio

of 3. 5 x 10-4 percent.

TABLE 8. 8 Beta Activity in Surface Soils of Utah Farms Contaminated by Priscilla and
Smoky Fallout

Collection locations are in Table 8.2. Soils were 0 to 1 inch deep, and 1 sq ft area. SD,
standard deviation. (P), field plowed after D) + 9. (S), Post-Priscilla beta activity subtracted.

Beta activity
at H + 12 hr Dose rate

Collection Contaminating Collection V/sq ft at H + 12 hr
Location Shot Date Field Replicates (Moan • SD) mr/hr

Veyo Priscilla D + 16 Alfalfa 6 34.4 . 4.8 6.8
D+20 Corn 2 45.5 1 16,7 6.2
D+16 Pasture 3 43.2 - 11.9 5.9
D + 16 Virgin 6 59.7 • 16.6 7.3

Antimony Smoky D + 51 Alfalfa 3 65 1 2.3

Fremont Smoky D + 0 Alfalfa 2 60.6 4- 9.9 14
Potato 2 42.0 + 6.6 12
Pasture 1 80.0 20

D + 30 Alfalfa 3 69 + 35
Potato 3 13(P) + 170
Pasture 2 101 + 8
Virgin 3 97 1 24

Panguitch Smoky 1 + 7 Pasture 3 128 1 50.4 24
D + 51 Pasture 3 237 + 40

St. George pro-Plumbbob 4/27/57 Alfalfa 3 0.011 + 0.002
Smoky D + 58 Alfalfa 3 46 • 11

Veyo Smoky D + 50 Alfalfa 6 54(S) • 24
Corn 4 33(8) I 10
Pasture 3 05(S) * 37
Virgin 4 CO(S) 1 43

The Sr 0 0 -to-beta ratio In a fallout particle mixture was the summation, for all particle

size rangem, of the percentage of beta activity in the size range multiplied by the Sr UO-to-

beta percent for that size range. At Panguitch the ratio wasi

(. 4U X 0.8u x iO Sr 00  10
E(.I- 40 x G010 + (0. 51 x 3.5 x 10"

104



The Sr 9 0 deposited was, Sr90

128 beta, pc/sqft x5.2 x10 x2.79x0 sqft/mi x10" mc/pc =18.6

mc/mi2x

The percent of beta activity in the less than 44 micron particles was extended to the

time of fallout arrival at Fremont by using the mean rate of increase in percentage of

beta activity from H + 11 to H + 15 hours, 2.9 percent per hour. Soil collected at Veyo

after Smoky fallout occurred had residual beta activity from Shot Priscilla which was

subtracted to determine the beta activity from Smoky fallout.

8. 2.5 Variation of Fallout Deposition on Farms in the Priscilla and Smoky Fallout Patterns

The beta activity from fallout of surface soil samples, taken soon after fallout deposi-

tion, differed significantly among adjoining fields with different crops within individual

farms. Virgin soil from fence rows enclosing cropped fields and soil from irrigated

native grass pastures had higher beta activities than soil from alfalfa or row cropped

fields (Table 8.8). In the Priscilla fallout pattern at Vc,., Utah, virgin soil had more

beta activity (significant at the 1 percent level) than soil from the adjacent 9lfalfa field.

In the Smoky fallout pattern at Fremont, Utah, soil from a potato field was lower in beta

activity (significant at the 1 percent level) than soil from the Ldjacent alfalfa field.

Gross activity, mr/hr at H + 12 hours, showed the same general differences between

the surface soil activity of different fields of the same farm as did ths beta activity of soil.

The Sr90 content of soil indicated that differences in fallout deposition among fields of

the same farm was not an ephemeral condition due to fallout peculiarities of ShoL Priscilla

or Smoky but had existed for a relatively long time. At Veyo, Utah, surface savnples of

virgin soil were higher in Sr 9 0 than samples from the enclosed alfalfa field (Table 8. 9).

The Sr 9 0 in these soil samples represented the cumulative deposition of fallout from before

1951, essentially that after the Trinity detonation of 1945.

TABLE 8. 9 Post-Priscilla Sr90 in Soil Samples at Veyo, Utah.

Soil was collected on D 4.16. Sro0 was extracted by leaching with a NIICI. Six, one-
quartet, quare foot samxng compositod fo' each analysis.
D~pth sampled, Acid soluble Sr 00 pvhsg ft

Inches Alfalfa field Vihgin soil

0 to 1 310 430

1 to 2 151 I.50

11}5
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The plant species growing in a field at the time of fallout deposition determined both

the variability in deposition and the amount of fallout deposited onto soil in the field (Table

8. 10). The sequence of fields of different crops according to beta activity of surface soil

was:

Irrigated grass >corn (pre-tassel) >alfalfa >corn (mature) >potatoes.

The mean percent coefficients of variation by crops were: Corn, -1 47; Virgin soil, - 44;

Alfalfa, -1 26; Irrigated grass, ± 26; Potatoes, ± 16. (The mean percent coefficients of

variation were derived from soil beta activity means and standard deviations of Table 8.8).

TABLE 8. 10 Effect of Plant Species upon Surface Soil Contamination

Soil depth is 0 to 1 inch. Plants were at maximum leaf area development. The ratio is
soil radioactivity units under field crop divided by soil radioactivity units under native
grasses.

Plant Species Beta Ratio Sr Ratio

Native grasses 1.0 1.0
Alfalfa 0.7 0.7
Potatoes 0. 5 -
Corn 0.4

Native grasses had a smooth surface appearance and projected a few inches high, and
the early soil beta activity levels were consistently above those in neighboring fields with

taller plants. The lowest amounts of fallout deposition were associated with row cropsS~which were• widely spaced relative to alfalfa or grasses. The Srf~ in surface soil from

alfalfa fields and native grasses (Table 8.10) was similar to that of the beta activity.

There was a suggestion that the physical structure of the plants might have induced

turbulence in the layer of air, adjacent to the ground surface. An increase in air tur-

bulence, due to plant interference with air movement, would tend to increase the propor-

tion of small particles that remained suspended and to reauce fallout deposition in that

field, for deposition to another plac, where surfaco roughness was less. Plant retention

of fallout (Section U. 2. 6) was insufficient to cause th• differences in doposition which were

observed among the various fields.

The variability in the Sr 90 of surface ijoil was similar to that of the beta activity. The
variation• Ln the] SrI) content of one small alf'u' "'i field I s iihown in Table B.1I1 aftor, fallout

doposition from both the P riscilla und Smoky detonationts, In bothi camos the coofficients

of variation wei' 34 prj(nt.
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TABLE 8. 11 Sr 9 0 Variation in Surface Soil Samples

Soil is 0 to 1 ineji deep and one quarter square foot from an 8 acre alfalfa field at
Veyo, Utah. Sru was determined by carbonate fusion. SD, standard deviation.

Priscilla D + 16 SmokD + 59
Site No. pc Sr 9 O/sq ft pc Sr U/sq ft

1 779 P652 577 1080
3 8b00-

r 1220 1120
5 100f 2010
6 1520 1650

Mean * SD 999 1 33l 135 4: 57

8. 2.6 Fallout Retained by Peants

In cultivated areas a nvestigated, agricultural plants retained less than 15 percent of

the fallout d bposited from Shot Smoky. Maxinum retention Occurred at 259 miles from 1'
z efground zero: 12 percent of the fallout deposit was retained by alfalfa plants (Tabl t a.12).

Alfalfa plants were more efficient in retaining fallout than gi rses, when both were exposed
at the same location, The percentage of falllout r'etdined by both Jpecies was similar if t

The maximumn beta activity or.,, plants, 878I kc/kg, was wneasured closest to) ground,

zero, t. e. , 206 miles f rom ground zero in the Smoky fallout pattern (Table S. 12). At

rThi particle sizes retained by plarts were thosa of less than 44 microns diameter in

both the Smoky and Priscilla fallout patterns. "*he SrO0 -to-beta a,.,,ity ratios of grasses

collected from pastures in the Smoky falluut pattern by D + 0 days were Almost identical

with Sr 0 =-to-buta activity ratios of khe lass thau 44 micron fallout particles (Section 8. 2.4.).

In previous utudies in tl,o vicinity ef the Nevada Tvs( Site, the fallout particle size, rotained

by nativ,' 1orbs aiud uhrubs wus predominantly that Weso than 44 micons with a mncan part-

icle size of approximately 20 rii'rons (Reoference. 4).

rThe amount of fallout retained ;,, o. plant spectes (jc/,g or kv/uq ft) dccz eased with

an inczeace in the f'r,llout time-of-arrival, hut th. percent of fallout rotaikiod ircreaused.

- I'ho fallout time-of-arrivai affected both tho intensity of fallout depoesition aod the diartueter

of fallout particles ('IA4blu 3. 2). ''bu combined effouts, ler-ramulng prtiolf, aize and lower

Slevels of foliout activity, were Complexly interi-olated In dlotrm'ritng t01 iOU RolWtt co0tailn-
Ination of plants by fallout,

The retention of fallout ( in jic/kg) varied between pl~nt sjjv-i,•. The botit rActivittou
reutained by ptantt , Areoctly contaminanted by lfa~lout, vittre, in tlucroauing or~der: niatiw)

gr'atites > alfalfa,. > -n1diLago. U kasses at l,'ezmont had tie samne beta activity level aw
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alfalfa, but there was 60 percent more alfalfa tissue (gm/sq ft) exposed to fallout %han

grass. The grass was a more efficient fallout collector on a kilogram basis but not on

a square foot-area basis.

Density of plant material (gm/sq ft) was important in the retention of fallout. Plant

beta activity was approximately proportional to plant density when different species in

close proximity of each other were investigated.

The mean percent of fallout retention among the samples was less than 7 percent for

beta activity and Sr90 in the Priscilla and Smoky fallout patterns. Alfalfa retained an

average of 8 percent of the activity deposited and grasses retained 6 percent. When the

weight of plants (gm/sq ft) was normalized to 20 gm/sq ft the percent retained was reversed

with grasses averaging 12 percent ano alfalfa averaging 6 percent for a mean of less than

9 percent for the observations in the Priscilla and Smoky fallout patterns.

8. 2. 7 Redistribution of Fallout After Deposition

Redistribution as used here, refers to a change in location from the site of initial

deposition by either lateral or vertical movement.

The beta activity of surface soil at Panguitch approximately doubled (significant at the
one percent level) b~tween D + 7 and D + 51 days, a direct result of redeposition from the
surrounding native area.

Clear evidence ol' fallout redistribution was given by alfalfa plants that grew in fields

after a harvest had removed plants exposed to direct fallout. Based upon soil plus plant

beta activity at sampling (Table 8. 13) the percent of beta activity retained by alfalfa re-

growth after D + 2 days varied from 6 perf.ent to loss than 1 percent. The beta activity

(ýtc/kg) of regrowth of the crop ranged from 50 to 100 percnrit of the activity on plants

which wore in fallout on D day.

"TAl3LI1i 8. 13 Hludiutrtbutvd Fallout on Plantu

Collection locutionu at-o dfoinned in Tul&le 8. 2, Total beta activity wau uurn of uoll and plant beta
activity at nalple collection. lora uativity of phlntu iW fallout from Shots Priucilla and Smoky an!
given bL Table U. 12. (p), post-Primcilla. (u); poat.-Snoky,- NA, not available.

IVI fa actR vity Activity
Plant bUta uck ivity, flt 'o('loctian, on tHug rowthcolliwtion Itewt-owth 0681m~ty, If1 + I,,111,I 10-4• u(,'H(I fR I)

Location From 'To gn I/q tI. f c/kg TotLil I 'alnts W: /Ik u' v/uq I'

Voyo 1) + I a 1 + 40(p) I ý, 3 '1., 15 0. 06.0 94 0.3V
Antimony D + 10 L) + 51(u) 18,0 10 20 1. 1 5N 5, U
Frutitol I) + 2 1) + 40(m) NA 137 NA NA 40 NA

81, Georgo l) + 10 1) + 511(u) 0I6, 18 I4 '•. 0 1,011 411 0 . I
Vuyo D 1. 3 D) 1. 57l(.) ltd (O 02 12 0.20 125 2. 1

IUD~,|~ i;ji L~-, ~~uua~kIl



F The D + 3 to D + 20 day data showed aerosol concentrations following Shots Priscilla

and Smoky (Section 6.2. 6) were high enough to contaminate new plant growth to levels

equal to that of plants exposed to cloud debris of Priscilla and equal to half that of plants

exposed to Smoky debris. It was not uncommon to find NTS debris as a substantial con-

tributor to the contamination of 1959 dairy forages (Section 3. 2. 3).

For alfalfa regrowth utilized as forage by dairy cattle at Fremont, Utah on D + 49
90 -4

days, the Sr90-to-beta ratio was 8. 0 x 10 percent, which was identical to that ratio of

less than 5 micron fallout debris from the Smoky detonation and which could have occurred

only from the redistribution of fallout. Stratospheric fallout was not the primary source

of contamination associated with alfalfa regrowth in the post-Smoky period. Stratospheric

fallout has been shown to be essentially proportional to precipitation (Reference 5).

Weather lBureau records of precipitation in the vicinity of all farms in this study during

the regrowth of alfalfa were inversely proportional to the contamination level of the

regrowth material; precipitation was highest where the plant activities were lowest and

conversely. Thus, stratospheric fallout was not responsible for the major portion of the

activity contaminating plant regrowth,

The ooefficient of variation for soll beta activity which increased with time also sug-

gests redistribution. The coefficients were approximately doubled in the period after

D + 48 days compared to those before D + 20 days for an entire farm, but the increashes

were not consistent within individual fields (Table 8. 8). However, increasing variability

may have been due in part to the redistribution of ifllout particles by irrigation and rain-

fall, erosion; however, not all fields were irrigated.

The vertical distribution of Ch137 in soil profiles was quite ctifferent from those of

the naturally occurring thorium and K40 activity. Distribution of the naturally occurring
40137 40

thorium was more like that of K40 than that of Cs (Tablr, 8, 14). Potassium0 was
137

distributed the most uniformly in soil profiles. Half the manmade Cu was in tle 0 to

1 inch increment. These fields were not plowed after Operation Upshot/Knothole, and it

was surprising to find halfl'of the cesium below the surface inch of soil. However, the

iporcent distribution of (s137 s left little doubt that its moveiment was through tile soil pro.

There was little ,,ungo.• in the activity of subsoils between sample collections which

was inteorretd uis showing that the surfa1e p)rsistence of fallout was high when subject•,d

>1' Io aqueous solution by irrigation of cultivated fields. At Veyo, Utah (Table 8, 0) the gross

tran•for of acid-soluble Sr11 ti from the soil surface in the alfalfa field to thet I to 2 inch

dopth was b pere ent groater than in the vir-gin soil adjucent to it. lBoth fields had the tiamn

r•linl'all, but approxi|ately 42 feet of' it-riga•tion water was applied to thle al'fall'a field after
1) 0

the last plowing, Urldelr these conditions irrigattion had littl, ('',t~t upon Sr1 1niig rationl

In to sub illr'fect'l soil, indicating that its plvisisitvcu oni the surl'art, was high.
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TABLE 8. 14 Vertical Distribution of Three Gamma Emitters in Soil Profiles

Average at two Utah farms in October 1957 at 135 miles from NTS. Each replicate one
square foot area.

Pct
Isotope per Increment

Soil depth,
inches The 2  K4 0  Cs 1 3 7

0 to 1 20.7 16.7 45.0

1 to 2 16.9 15.2 19.52 to 3 15.5 15.8 14.7
3 to 4 15. 3 17.7 10.8
4 to 5 16.4 18.0 4.7
5 to 6 15.2 16.3 5.5

I In fields from the Smoky fallout pattern, the beta activity of subsoils was significantly

lower than that of surface soils and was relatively uniform from 1 to 6 inches deep where

the fields had not been plowed or leveled recently (Tables 8.15 and 8. 16). The beta
activity of pre-Plumbbob surface soils was similar to that of their subsoils, These obser-

vations affirm the suitability of subsoil beta activity as a substitute for the prefallout sur-

face soil beta activity in recent fallout pattern deposits.

TABLE 8, 15 Vertical Dietrlbution of leta Activity in Soil Profileu, Utah larms

Collection locations are defined in Table 0., 2 Three replicates were averaged except at Fremont on D + U where
two were averaged, Each replicate was one u.;uare foot in area. h, differenne from beta activity In next lower
increment significant at the 5 percent level, II, difference from beta activity in next lower Increment significant
it the 1 percent level,

Manauenmen~t..and Itudiologleal listory of lield

Location Veyo St. George Frenmont Pangultch Antimony
Field AlfAlfa Alfalfa Alfalfa Pasture Alfalfa
Last plowed Before 1U51 10153 Ilefure 1055 Bleforu 1037 1052
Contamlnating whot Priscilla Smoky --- Smoky Smoky Smoky Smoky Smoky SmokySi •Date sampled I) + 10 D + ME) 4/27/57 1) t 50 1) + 0 1) L 40 I) ) 4. ' 1 ) 4, 61 1) + 51

Date r•tdioussayed 1?/l0/57 120//17 12/13/57 12/12/57 12/11/57 12/13/57 12/11/57 12/11 /57 12/10/57

Depth sampled,
inches Hilx. activity at time or rauliouagy, •J/xq ft

0 to 1 0.0(10 0. I 25L 0. 05,) 00411 0,111611 0. 1 451 0,2111, 0. 13371t 0 125
I to 2 0.058 0.004 0.050 0. 064 0.0(00 0.074(I' 0 00015 0.()(112 0,15:1
2 to 3 U.1104 0,001 0.050 0.0(17 - (, 0In) -- 0.()51) 10.0511
:1 to 4 0.0411 0.057 0 0065 0,0(12 - .OI.074 - ( ),)511 0.0544 to 5 0.050 0,041) 0,060 0.{11 -- 0. (M)6 -- 0,O01 (),052j

5 to 0I 0.047 0.045 0,0411 0,073 .. 01(1;/ -? 9,10{l 0,051
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TABLE 8.16 Vertical Distribution of Beta Activity in Soil Profiles, Nevada Farra.I

Collection locations defined in Table 8.1'. Three replicates were averaged Pxcept at Alamo where two were
averaged. Each replicate was one square foot in area.

Management and Radiological History of Fields

Location Alamo Alamo Lund Pahrump
Field Corn Alfalfa Alfalfa Alfalfa
Last plowed Surface-Leveled 4/57 1054 1954 1954
Date sampled 5/2/57 10/31/57 5/2/57 10/31/57 5/2/57 11/4/57 5/9/57 11/1/57
Date radioassayed 12/5/57 12/ 9/57 12/ 5/57 12/ 9/57 1/17/58 1/23/58 12/19/57 1/10/58

Depth sampled,
inches Beta activity at time of radioassay, pc/sq ft

0 to 1 0.073 0.120 0.081 0.091 0.063 0.098 0.047 0.049
1 to 2 0.084 0.098 0.090 0.080 0.061 0.059 0.052 0.050
2 to 3 0.087 0.094 0.083 0.080 0.057 0.060 0.046 0.052
3 to 4 0.102 0,095 0.002 0.080 0.063 0.057 0.056 0.051
4 to 5 0.100 0.106 0.083 0.088 0.061 0.055 0.058 0.064
3 to 6 0.074 0.127 0.088 0.093 0.061 0.058 0.061 0.057

8. 2. 8 Fallout Relationships in Dairy Operations

90
Hay and forage crops were highest in picocurtes of Sr /kg of the feeds used for milk

production and these supplied most of the dietary Sr (Tables 8.17 and 8.18). Dietary

calcium varied from normal to very high levels and was effective in making Milk-diet

observed ratios, OR, to be explained subsequently, different at the dairies studied. The

data used for intensive comparisons were oriented toward determining the biological

significance of fallout from the Shots Priscilla and Smoky.

TABLEj 8. 17 Sr
0 0

, Calcium, and Stable Strontium in Utah Dairy Feeds

C, digowtible nutrients needed to supplement hay to maintain milk production Reference 3.

Feed Consumption go Milking

Collection Colievtion Component peut cow Sr
0  

8trW/Ca Herd,
Louation Date Oven-driod kg/day pe/kg Sr/kg, mg Ca/kg, gm p/gim Cows

Pro-Plumbbob Feeds

Veyo 0/10/57 Concentrates 5 52.5 10. 3 6.0 8. 8 30
1066 hay 111 667 105 :io.5 21.59SI Faeb 1050 334 32.5 32. 3

Priscilla Pattern

Veyn I) 1. 15 Concentrates 5 58.5 52 4.04 14. 5 25
1 + 15 1956 hay 12 667 1051 30.5 21. 5
1) + 16 Forage, mixed (it 453 5i5). 4 16. 5 27. 4
D + 15 Fuces 8so0 250 31.0 27. 7

Smoky Pattern

Panguitch I) + 8 Conewentviattu 1 27 0. 0 0. 500 47 2
1) 4 7 l'or1ageA, g avseM 1 4 e 5, (l)o 465 6. 504 807
D 5 7 Fecus 1ll, 700 1 B0 25. 6 H64

l4renont D 1 0 Concentrates 1/2 51.2 12 0. (580 121 7
1056 hay 1 1/2 1,740 fill,7' 12.0 145
Forage, grasses Be 1,110 054. 7 3. 67 512
Feuucs 4,900 211 22.65 217

Iremont I) + 40 Bleet pulp 1/2 58., 115) 1.77 33.3 8
Concntsrates 1 32. 4 1:1, 3 1, 25 25. 50
,loragit, alfalfia 11 1 115) 2715 155. 1 11. 6.
I",ueN 2, U5lm) 407 6S. 5:1. 7

20 2
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, TABLE 8. 18 Daily Consumption d Sr Calcium, and Stable Strontium by Utah Dairy Cattle

S 0  Cacu Stable

Sr Calcium Strontium 3r9 0

Collection Collection Component Ingested, Ingested, Ingested, in milk, Milk,
Location Date Oven-dried pc/cow/day gm/cow/day gm/cow/day pc/liter liters/day

Pre-Plumbbob Feeds
Veyo 9/10/57 Concentrates 263 30 0.097

1956 hay 12 000 549 3.510
Total 3.61 4.27 352

Priscilla Fallout Pattern

Veyo D + 15 Concentrates 293 20 0. 260
1956 Hay 8,000 366 2.34
Mixed forage 2 720 90 0.536

Total ls. - 7.1 396
Smoky Fallout Pattern

Panguitch D + 8 Concentrates 27 0.6 0. 008
Grass forage 78 400 97.2 0. 644

Total U.- • 51.8 20

Fremont D + 9 Concentrates 41 0. 3 0. 006
1 56 Hay 2,610 18.0 0.103
Grass forage 15 000 29.4 0, 676

Total 477 T7 'T 13.4 79

Fremont D + 49 Beet pulp 29 0.9 0. 060
Concentrates 32 1.3 0.013
Alfalfa forage 12 200 177 3.07

Total T76 37-1 5.72 66

The Sr90 in fallout from Shot Priscilla was twice as available as Sr90 from Shot

Smoky, whether measured as percentage in milk from the diet or as normalized ratios

corrected for differences in milk production (Table 8.19). Normalizing procedures were
90

based on studies which demonstrated that the percentage of dietary Sr per liter was
constant (Reference 6) and which made comparisons of availability easier to interpret.

Excluding dietary calcium as a component of the availability of dietary Sr 0 the Si0 in

fallout from Shot Smoky was similar in availability to fallout contaminating 1956 feeds.

TABLE 8. 19 Availability of Fallout Sro0 to Dairy Cattle

The percent diet ST90 in milk divided by the percent 1956 dietary Sr 90 in milk is
defined as relative availability. Ten liters per dlay per cow divided by the liters
per day per cow produced is normalized production.

1)0
Principal S1, in Diet Relative Availability

Sr90 Source o -un 'iWl Observed Normalized

1956 l'alIout 246 1.0 1.0

Smoky Fallout 151 1. 6 1.0
(11 + 12 hr)

lt~aU~lpxnded 1 (13 1. 5 1. :
Smoky (l) + 49)

Smoky Fallout 117 2.1 2.2
(l1 + 17 hr)V Priscilla 41 (1. 0 4. 5
.allout (II I 7 hI )
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Dairy cattle were able to extract the Sr 90 from fallout debris contaminating their

feeds in the same proportions as it occurred in the fallout particles (Table 8.20).

This observation indicated that the digestive processes of ruminants were more severe

than leaching the particles with 1 N HC1.

TABLE 8. 20 Comparison of Strontium Solubility and Biological Availability

Milk production is normalized to 10 liters per day per cow. Production is given in
Table 8.j 8.

Solvent Used

Comparison Ratio Strontium None 0.1 N HCl H 2 0

Priscilla- to-Smoky Ratios

e-44 U Particles Sr 8 9 , 90 2.5 4 + 18
r9 0

7Milk pc/Diet pc Sr 2.9-3.7 ....

Milk pc/Diet pc Sr 9 0  2.0-2.4 ....
(Normalized)

The percentage of dietary calcium and stable strontiun, in the cattle feeds varied

by a factor of five in the study without clear relationships existing with the pLrcentage

of dietary Sr secreted into milk (Table 8. 21). If fallout from Shot Priscilla wereexcluded, the conversion of dietary Sr into milk decreased as the percent of dietary

calcium increased.

90 90The Sr-to-calcium ratio in milk divided by the Sr -to-calcium ratio in the diet
was suggested as a biological constant that expressed the discrimination by biological

membranes against strontium relative to calcium (Reference 7). The quotient of the
two ratios was called the Observed Ratio (Oft) and has been widely used in predictions

of the hazard imposed by fallout debris entering food chains. TheObsevved Ratios

(milk-to-diet) in this study varied by a factor of ten and were not suitable for use as a

constant to describe the discrilmination agairnst strontium (Table 8. 21).

TABLE' 8. 21 S, '0 in Milk and Observed Ratios us Functions of I)itapy Calcium and
Stable Strontium

P, foeragi contaminated by fallout from Shot Priscilla. ()1, ()bsczvvd Ratio, ptrc t'nt

dietary SrOW0 in milk divided by percent dietary calciuzn it milk.

l P u r c e n t o f V,', l t 1, on t H i k t - D v
Ob(T rwud in la&%Py Dicts MOll-to l

• ~0. 4 |1 0.0079 fill . }
fi . ll 0. 004:1 6il 0 r5

1 . 413 0. 021-) (11 ()'1
2.11 0. 014 10213 o.:1
2.52 0.01 () '( 0. 18

* I !20 '



90
When the dietary calcium of dairy cattle was at normal levels, the fallout Sr was

more available than was stable strontium both of which were accumulated through plant
90roots; but the fallout Sr was less available when dietary calcium was high (Table 8. 22).

High calcium percentages were associated with alfalfa and normal percentages with

grass forage. It might be desirable to recommend calcium supplements for dairy cattle

on grass pastures to reduce the Sr0 in milk by reducing the availability of fallout Sr 9 0 .

TABLE 8. 22 Availability Comparison of the Stable Strontium and Fallout Sr 9 0

Milk data normalized to correct for differences in volume produced

PretofCalciuentdiet Stable Sr' Availability Ratios Relative Availability
Calcium in diet Strontium in diet Stable Strontium Ratio

Normal High Strontium in milk Sr 0 0 ratio

2.10 403 6. 2

1.43 331 1.6

2.52 362 1.3

0.65 111 0.74

0.48 81 0.61

90
The amount of Sr metabolized into milk increased In proportion to increases in

Sr 9 0 consumption, but the relationship was affected by other variables since the extra-

polation to zero Sr90 in the diet did not pass through the origin (Figure 8. 7). However,

the percentages of Sr0 carried Into milk were relatively uiiif'orm, varying by a factor

of two (Figure 8. 8), contrary to the amounts in daily milk. Forage •ontamiuated by

direct fallout from passage of a nuclear cloud had been used for at least 8 days at all

dairies and equilibrium should have been attained between SrtD intake and 81 in milk

by the time of sample collection (Reference 8).

The amount of' calcium in daily milk appeared to be relutivlwy indepondent of the

amount consumed and approximated a constant value (Figure 8.7). Percentageus of calcium

metabolized into milk from the diets had a striking inverse relationship with dictary

calcium ( Figure 8. 8).

The calcium content of milk is physIologically restricted to a inarrow ratnge and is

approximately a constant. Dietary calcium varied by more than an order of magnitude

(Table 8. 21). Exprossing milk calcium as pl,rcentagos of dietary calcium In effoct

divided a constant by a variable with an order of magnitude range and resulted in order

of magnitude differences anmong the percentages. This characteristic of milk calcium

pe rcentages was a significant factor in the variability of the Ot among the dliltus.

)20 F.
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Figure 8. 8 Percents of Sr 9 0 and Calcium Metabolized into Milk.
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Although the OR was defined as the ratio of strontium units in milk divided by the

strontium units in the diet (Reference 7), it can also be calculated as the percentage of
90

dietary Sr in milk divided by the percentage of dietary calcium in milk. Expressed

this way it is apparent that increases in dietary calcium, above the needs for milk pro-

duc,;ion and body maintenance, will decrease the percentage of dietary calcium in milk

linearly with the calcium increases. Observed Ratios obtained under these conditions

are calculated with progressively smaller percentages of dietary calcium in milk and

must increase with dietary increases.

As the percentage of calcium in the dairy diets increased, the OR went up (Table
90

8. 21). The pe:'centage of dietary Sr in milk decreased to one-half while the percentage

of dietary calcium in milk decreased to one-twelfth, resulting in an increase in the OR

by a factor of six. Data from Shot Priscilla fit this trend if the percentages of Sr 9 0 in
90

m[ilk and the OR corrected for the higher availability of Sr90 (Table 8. 20). The increases

iz OR were almost linear with the increases in percentage of dietary calcium. The OR

determinations were by no means a biological constant under conditions prevailing in

the NTS region.

Above 0. 65 percent dietary calcium, the feces-to-diet OR was greater than 1. 0
indicating that the cattle were in equilibrium with their diets. At or below 0. 65 percent
dietary calcium, the feces-to-diet OR was approximately 0. 40 which was interpreted

as indicating withdrawal of calcium from body stores for milk production. Below 2
90percent dietary calcium, the feces-to-diet OR for Sr was approximately 0. 65 indicating

that the cattle were not yet in equilibrium with their diets, and suggesting that the availa-

bility of dietary calcium was low or that 8 days were insufficient to attain equilibrium

with fallout debris.

8.3 SUMMARY

90
The general level of soil Sr was quite variable whether measured by acid extraction

or by total fusion methods. There was little agreement between either data available

on fallout intensity or distance from ground zero and soil Sr90 measured by fusion
9u 90analyses. The acid solubility of soil Sr was lowest where Sr concentration was

highest and vice versa.

The soil Cs -37-to-Sr90 ratios were quite variable and not linearly related to soil
00 137_ 90

Sr concentration. The Cs -to- Sr ratios of fallout particles from tower mounted

Shot Smoky were 12 to 40 percent of the theoretical ratio.

Evidence of significant redistribution of NTS fallout was given by data from surface

soil, plants, and milk; some soil and plant beta activity values approached the amounts

originally deposited after individual detonations.
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90 137
The Sr and Cs in 1956, 1957, and 1959 milk indicated that NTS debris was

providing significant amounts of the fission products contaminating plants 1 and 2 years

after testing. The amounts of redistributed fission products were gradually decreasing.

Redistribution at the midlines was decreasing to nonmidline levels.

Agricultural plants retained less than 15 percent of the fallout from Shot Smoky. The

absolute quantity decreased with increasing time of fallout arrival, though the percentages

of beta activity and Sr90 retained increased.

There were significant differences in deposition of fallout onto soil at individual

farms. These differences were closely related to the kind of plant cover occupying the
90 2

fields whether measured in mr/hr, pc/sq ft of beta activity or as mc Sr /mi

90The Sr -to-beta ratios of green plants exposed to fallout were very similar to those

of the less than 44 micron fallout particles recovered from granular collectors.
The Sr9 in milk was a function of dietary levels; but the relationship was not linear

with dietary Sr90, calcium, or stable strontium.

At higher levers of Sr 9 0 in milk, the Cs approached concentrations equivalent to
L I 90

those of the Sr in 1957 and 1959 milk.

The biological availability of Sr90 from fallout was quite variable in percentage and

for times of fallout deposition after H + 5 hours, agreed better with the total Sr in

particles from Smoky and Priscilla detonations than with particle solubility.

A wide range was found in the Observed Ratio (0. 03 to 0. 30) for fallout from different

sources.

90
The availability of Sr in fallout particles adhering to plants was greater than that

of stable strontium inside plants where dietary calcium was normal. The converse was

true at high calcium levels.
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CHAI-TER 9

SUMMARY

During the period 1947 to 1963 the Environmental Radintion D.viaion of the

Laboratory of Nuclear Medicine and Radiaticm Biology, School of Medicine, 1U. C. L.A.

was involved in progressively intensified programs designed to answer one principal

question, viz., "How much man-made radioactivity distributed in the environment can .e

tolerated safely by man and his economy?" Within this broad context, the general

objectives of Civil Effects Test Organization Program 37 included:

(a) The delineation of fallout patterns and their characteristics with respect to

A• particle size and time-of-arrival of fallout from seven tower mounted and four balloon

mounted detonatiois. Comparison of the effects of the yield of the devike, the type of

device support, and the height of burst on the resultant fallout debris deosited within

the fallout pattern to distances at which fallout occurred by H + 12 to H+ 16 hours.

(b) A detailed study of the chemical, physical, and radiological -.haracteristics

of fallout debris relative to its particle size and occurrence within the fallout pattern.

(c) The determination of the biotic availability, rate of accumulation, and

retention of radionuclides from fallout debris for varijus native and domestic plants

and animals, as well as the persistence and redistribution of residual contamination in

the total environment.

9.1 FALLOUT: ITS DISTRIBUTION AND CHARACTERISTICS

Fallout from test devices detonated at Nevada Test Site (NTS) is governed by

many complex variables such as : (a) the energy yield of the detonation, (b) the wind

structure during the distribution of fallout material, (c) the support used for the

detonation of devices, (d) the nature of ý-he surface at ground zero, (e) the degree that the

fireball intersects the ground surface, and (f) the mass of incrt material surrounding the

device. Data presenting the resultant deposition and characteristics of fallout from

various detonations studied by the AEP/UCLA laboratory are summarized in the

following statements.

1. Characteristics of Fallout Patterns: The coordination of aerial surveymecasurements of fallout patterns with ground survey parties using conventional meter

measurements greatly increased the detail and accuracy oZ fallout pattern delineation,

as well as increasing the distances to which fallout patterns were defined in the Gnvirons

of NTS. Dose rate r. and timee-of-arrival of fallout resulting from Shots Boltzmann,

IDuring the Plumbbob 'lest Series, the organization was known as EnRad, AEP/UCLA

(EnRad, Atomic Energy Project, University of California at Los Angeles)
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Wilson, Priscilla, Hood, Diablo, Shasta, Smoky, Galileo, Newton and Whitney were

measured and are presented in terms of isodose rate and time-of-arrival on fallout con-

tour maps.

With the adapthtioa of the aerial survey equipment and techniques developed by the

U. S. Geological Survey, fallout radiation intensities could be measured within an area of

approximately 10, 000 square miles and the readings plotted on maps in about 12 hours

by using one aircraft. With appropriate correction and calibration factors, aerial

measurements agreed within 1 10 percent of dose rate measurements made 3 feet above

ground by conventional survey meters. During this Test Series, fallout patterns were

routInely measured to distances of 200 to 300 miles from ground zero; however, the

fallout pattern from Shot Smoky was documented as far as 700 miles from ground zero

in 5 flight-days and the radiation levels were readily detectable at that distance.

The detailed documentation of fallout patterns afforded the opportunity to confirm

the existence of hot spots in most fallout patterns. Hot spots were first identified and

defined in 1948 by the Alamogordo Section of AEP/UCLA when the fallout pattern of Shot

TrhIdty (1945), New Mexico had been outlined in detail.

In the authors' opinion, terrain features, such as mountain ridges, create a

significant turbulence in the falling radioactive debris as the cloud moves over the

ridge causing increased deposition of fallout to occur on the leeward side. Suggestions

of this phenomenon were found in the patterns of Shots Boltzmann, Priscilla, Hood,

Diablo, and Smoky. Although rainouts have been reported to be responsible for hot

spots within 300 miles of NTS, the documented hot spots referred to in this report

occurred wi•en no precipitation occurred during fallout.

While the occurrence of hot spots has been associated with prominent terrain

features in many cases, a coordinated detailed analysis of the meteorological obser-

vations and fallout distribution is reqliired to fully explain the mechanism of their

formation and possibly to permit the prediction of their occurrence.

2. Particle Size Distribution in Fallout Patterns: Maximum percentage

contributions of various particle sizes occurred at different locations on fallout pattern

arcs. Some locations of maximum dose rate across a pattern resulted from moderate

percentages of a variety of particle sizes rather than a high percentage of a single size

range. Lateral extremities of arcs were characterized by high percentages of less than

44 micron material.

Fallout material less than 44 microrns in diameter occurred at close-in arcs as

w2l as at distant ares while the 44 to 88 micron fraction of fallout material was

minimal at close-in distances. The majority of fallout activity from the balloon

mounted Shot Priscilla consisted of particles less than 44 microns in diameter as close

to Lgvound zero as 18 miles; larger particles predominated at such distances in fallout

material from tower mounted shots.
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Within the fallout area determined by the limits of 1 mile from ground zero to

distances at which fallout occurred at H + 12 hours and the 1 mr/hr iso-intensity

contour at H + 12 hours approximately 70 percent of the fallout activity was associated

with particle sizes greater than 44 microns in diameter from tower mounted shots while

the balloon mounted Shot Priscilla had only 30 percent of the activity associated with this

size range of larger than 44 microns.

Within the limits of H + 1 to H + 12 hour fallout time, Shot Smoky deposited 52

times more total beta radioactivity and 14 times more radioactivity in the less than 44

micron fraction than Shot Priscilla, Both shots had similar yields and identical

detonation height.

3. Radioactive Decay of Fallout Debris: Fallout debris from a specific

detonation gave similar beta decay curves regardless of particle size or time of fallout.

Beta decay curves of most detonations approximated the T- 1 ' 2 decay relationship over

a period of H + 12 to H + 6000 hours. However, slopes of the order of T-l 4 occurred

from H + 6000 to H + 10, 000 hours.

Decay curves of the gamma emission rate were different from those of beta

decay for fallout debris from a specific detonation. Gamma decay curves of fallout

debris from different detonations were generally similar but more variable than the

corresponding beta decay curves.

Plumbbob beta and gamma decay curves, derived from measurements of fallout

samples from seven detonation, are presented in relation to the T 1 ' 2 decay curve

and a theoretical mixed fission product (U 2 3 5 ) decay curve.

Estimates of dosage from gamnma radiation in fallout areas have generally been

calculated on the basis of the T 1 2 relationship. However, dose rate decline with

time according to the Plumbbob gamma decay (PGD) curve presented in this report

yields calculated doses which are 1. 8 to 2 times greater than those calculated by the

T 1 ' 2 relationship to approximately D + 400 days.

4. Gamma Energy Spectrum of Fallout Debris: Samples of different particle

size fractions and/oir fallout time from each of five detonations were analyzed periodi-

cally to H + 3000 hours. Differences in the energy spectra were not detectable among

samples of different particle size from a specific detonation; however, differences were

detectable among several detonations. Mean energy spectra of fallout material from

three detonations indicated that values increased from 0.53 Mev at H + 100 hours to

0.70 Mev at H + 600 hours and ranged from 0. 74 to 0.87 Mev at H + 3000 hours. In

contrast, the mean energy of the fallout debris 'rom Shot Hood was approximately twice

that of the other detonations at H + 100 hours but decreased to similar values of the

other detonations after H + 1200 hours. ii

A
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The general variation in energy spectrum with time suggests that considerable

error can be introduced in the calculations of gamma megacuries from dose rate

depending on type of detonation and time of measurement. On the basis of data pre-

sented, gamma megacuries per square mile values calculated according to the relationship

of 4 r/hr at 3 feet above the ground surface that was used before 1962, would have been

75 percent too high for a detonation similar to Shot Hood and 25 percent too low for

detonations like Shots Diablo and Shasta.

5. Radiochemical Properties of Fallout Debris: Fallout particles less than 44~~9 103 Ra10h6cl fFalu

microns in diameter had greater percentages of Sr 8 9 ' 90 and Ru 1 0 3 ° 106 at D + 30 days
than did the larger sized particles. The percentage of Sr 8 9 , 90 and Ru103, 106 in
balloon mounted detonation fallout debris was from two to four times higher than it was

in corresponding particle sizes from tower mounted detonations. The reverse was

observed for Zr 9 5 . The percentage of Ba14 0 , Ce 1 4 1 , and Y varied to a lesser degree
between fallout from tower and balloon mounted detonations. Strontium 9 0 averaged 2.7

percent of the total radiostrontium at D + 30 days in fallout originating from detonations

mounted on towers.

Similar percentage values for specific radionuclides among the same size

fractions of the different tower shots permit the determination of mean percentage

values descriptive of tower shots in general. The comparison of mean tower shot

percentages to those of Shot Priscilla, a balloon mounted device, indicates that for

corresponding size fractions Priscilla radionuclide percentages were approximately 30
percent higher for Ba' 4 0 , 11 to 38 percent higher for Ce + Ce-Pr 1 4 4 , 300 to 400
percent higher for Ru103 106 250 percent higher for Sr89, 20 to 50 percent higher for

y , and 50 pe" cent lower for Zr 9 5 .

6. Solubility of Fallout Debris: Solubility of fallout debris is one of the most

important properties to consider with respect to the "internal emitter" problem in

biological systems. The so)Ljility of radioactive fallout debris in water and in 0. 1 N
hydrochloric acid (HCI) have been used arbitrarily as indices of biological availability.

The radioactivity in fallout debris from tower mounted detonations was
determined to be from 1 to 2 percent soluble in water. Fallout debris from balloon

supported detonations was more soluble in both water and 0. 1 N HCI than debris
produced by tower mounted detonations. The solubility of fallout debris from tower
supported detonations increased with decreasing particle size; however, in the case of

balloon supported detonations, the smaller size particles were somewhat less soluble

than larger particles as shown in Table 9. 1.

7. Comparison of Fallout Debris from Balloon and from Tower Shots: A

comparison was made of fallout debris from a balloon mounted shot (Priscilla) with that

from a tower mounted shot (Smoky). These shots were of the same yield and had the
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TABLE 9.1 Solubility of Fallout Debris from Tower and Balloon Supported Shots

Particle Size Solubility, Pct of Beta Activity
Support Range, Microns Water 0. 1 N HC1

Tower >44 < 1 5

<44 < 2 14 to 36

Balloon >44 31 >90

<44 14 >60

same detonation height of 700 feet. The comparison indicated that the amounts of water

soluble B140 and Sr 8 9 ' 90 deposited in the less than 44 micron particle size fraction
were similar despite relatively large differences in the total amounts of radioactivity

deposited in this particle size fraction.

The widespread distribution of the less than 44 micron particle size fraction from

all types of devices detonated at NTS indicates that this particle size fraction is probably
the most significant with respect to total area contaminated. Assuming that the soluble
fractions of the fallou t debris samiples studied contain -the same ratio of radioelements
as that present in the original fallout debris, the application of this ratio to the percent

of the soluble activity yields the percent of the various radioelements present in the

0.1 N HC1 and water-soluble extracts. Based on such calculations, the relative amounts

of the several radioelements in the soluble fractions of equal quantities of less than 44

micron fallout debris from tower and balloon supported shots of sýmilar yield and height

of detonation are presented.

The deposition of less than 44 micron fallout debris from the tower mounted
detonation considerably exceeded.that from the balloon mounted at different fallout tirmes

from one to fifteen hours.

The application of soluble radioelement percentages to the measured and the

integrated radioactivities of the less than 44 micron particle size fractions from the two

shots, Priscilla and Smoky, gives an estimate of the relativc amounts of the various

radioelements deposited at different fallout times. While the amounts of total and acid-

soluble Ba and Sr deposited by less than 44 micron fallout debris from the
tower mounted shot were higher over the 1 to 15 hour fallout period, the amounts of

water-soluble Ba14 0 and S89 90 were similar.

8. Deposition of Radiostrontium in the Environs of Nevada Test Site: Approxi-

mately 0. 13 percent of the total amount of Sr 8 9 produced by Shot Priscilla (700 feet)

whobe fireball very nearly intersected the ground surface, was deposited within the

fallout time-of-at rival of H + 12 hours. On the other hand only 0. 004 and 0.008 percen ;
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of the total Sr89 produced was deposited within H + 12 hours fallout time by two balloon

mounted shots (1500 feet) whose fi:eballs did not intersect the ground. Within H + 12

hours fallout time, tower mounted shots deposited from 0.5 to 2 percent ot U.-e Sr 8 9

produced and from 1. 6 to 7.2 perccnt of the total Sr90 produced.* Calculations were

based on the results of analyses of fallout debris samples for Sr89 and Sr90 and

integrated fallout radiation intensities converted to curies by ratios of microcuries per

square foot and milliroentgens per hour. The analysis of balloon detonation fallout

debris for Sr90 was not performed.

The tower shot percentage deposition of Sr89 was less than that of Sr90 out to

distances correspondiAig to H + 12 hour fallout arrival time. This is attributed to

relatively low percentages of Sr89 in larger fallout particle size fractions which

generally represent the majority of the fallout radioactivity in areas close to ground
8q9 9zero. This fractionation of Sr and Sr 9 0 with respect to particle size may be predicted

on the basis of the different half-lives of their noble gas precursors, Kr89 and Kr 9 0 ,
respectively, and the rate of particle formation.

9.2 BIOLOGICAL AVAILABILITY OF FALLOUT DEBRIS IN FALLOUT PATTERNS
FROM NEVADA TEST SITE

1. Distribution and Redistribution of Fallout Debris in Soils: Surface deposited

fallout debris tends to become mechanically trapped in nonagricultural soil. Natural

"disturbance by wind action causes minor amounts of the total fallout debris, deposited

in various native areas studied, to be redistributed within the fallout pattern from the

point of original deposition. The amount is dependent on vegetative cover of the area.
Fallout particles 44 to 88 microns in. diameter contributed an average of 9. 7 percent of

the total redistributed radioactive fallout debris following the Priscilla (balloon)

detonation as compared to 21 percent following the Smoky (tower) detonation. Particles

less than 44 microns in diameter contributed an average of 85. 8 percent of the beta

radioactivity deposited from the Priscilla detonation as compared to 68.3 percent from

the Smoky detonation.

90 90
2. Sr Distribution in Soils 6f the Environs of NTS: The Sr levels of the

surface (0 to 1 inch) soil samples collected in Nevada and Utah in August, 1958, ranged I
2

from 32 to 142 mc/mi2 in virgin areas near midlines of- documented fallout patterns and

from 7.5 to 22.7 mc/mi2 in agriculturai areas which did not.necessarily coincide with

fallout midlines. I
The Sr 9 0 contamination levei in V .to 1 inch surfaces of cultivated soil samples

was lower than levels in virgin area samples probably because of both the reduced

*"The theoretical potential Sr~s and Sr90 fallout is based on the production of one gram
89 .90or 27, 700 curies of Sr and 1. 14 gram or 146 curies of Sr per kiloton yield.
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contamination by fallout debris due to the distance from maximum deposition along the

fallout pattern and the subsequent cultivation of the sold. The observed Sr90 levels in

agricultural area samples were similar to those reported for other agricultural areas of

the country.

The assumption that NTS activities represent the major source of Sr 9 0

contamination in the virgin area locations is supported by Sr90 percentages of total beta

activity. The calculated theoretical percentagus of Sr for various Testing Series

tended to be approached by the observed percentages.

Soil from various sampling sites was subjected to a comparative study of Sr 9 0 I
contamination. The amount of Sr90 was measured by total solubilization following alkali

fusion and leaching with 6 N HCI. The results clearly indicate that in the Nevada-Utah

area the location of a sampling site in the fallout pattern and the total solubilization of

soil samples are necessary in order to evaluate more accurately the area contamination.

The amounts of Sr leached by 6 N HCI varied from 13 to 72 percent of the total

Sr0 presenc. There was little agreement between available data on dose rates or

distance from ground zero to that of total Sr90 in the soil.

There were significant differences in distribution of fallout material in soil

collected from individual farms within patterns. These differences were closely related

to the variety and density of crop whether the radioactivity was measured in terms of
90 mi2

gamma dose rate of the location, beta activity per unit area, or as millicuries Sr9/mi

3. Fallout Contamination of Forage Plants: It was again confirmed that the

principal source of radioactive contamination on native plants was from fallout particles

less than 44 microns in diameter, i. e., vegetation within fallout patterns out to 300

miles from NTS was a "selective" particulate collector. The number of fallout particles

retained by the foliage depended upon surface characteristics of the foliage, such as hairs,

glands, and other mechanical traps of the plant. As much as 21. 6 percent of the radio-

active contamination retained by plant foliage during the period from D + 3 to D + 20

days was soluble in 0.1 N HCl.

Following both Shots Priscilla and Smoky, the fallout debris contamination of

native plant material persisted through the 18 day period. The only measurable change

was that due to radioactive decay.

Beyond 200 miles from ground zero, agricultural crops retained less than 15

percent of the fallout from Shot Smoky.

A very small fraction of the total contamination of the soil by fallout debris from
tower mounted detonations was accumulated through the root systems of native forage

plants (within 300 miles of NTS).

4. Radionuclide Accumulation by Native Rodents: During the Teapot Series

(1955), the concentration of radioiodine in the thyroids oi rabbits and other native
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rodents was found to be a function of distance from ground zero. The maximum

concentrations that were measured at approximately 60 miles from ground zero were

from two to seven times higher than those measured at 20 or at 160 miles.

During this series, between 82 and 87 percent of the total radioactivity found in

the thyroid tissue of the native rodents at H + 72 hours was radioiodine. Of this amount,

17 to 20 percent was I131 and 65 to 67 percent was 1133. The maximum accumulation

occurred at arnproximately D + 14 days; samples taken at D + 20 days contained only
1131.

89, 90 91 141. 144 136, 137
Of the several radionuclides (Sr8' 9 yg, Ce + Ce--Pr1, Cs

and Ba 1 4 0 ) accumulated in rabbit bone, 16 to 45 percent was accounted for as Ba 1 4 0

89 140 8,9
and Sr8. In Boltzmann samples, both Ba and Sr 8 9 ' 90 reached maximum concen-

trations in bone at 78 to 79 miles from ground zero (fallout time-of- arrival: H + 3. 7
140 89 90

hours). For Priscilla samples, Ba and Sr8' maximum values occurred at 129

miles from ground zero (fallout time of arrival: H + 7.1 hours). In Smoky samples,

these radionucli'Jes decreased in concentration in bone wi.h distance from around zero.

However, the concentrations of Ba140 andSr89, 90 were nearly the same in bone

samples from Priscilla and Smoky jackrabbits collected from areas that had a fallout

time-of-arrival later than H + 3 hours.

The rate of decay of radioactivity in skin, G. I. tract and contents, and muscle
i i' "tissue samples collected in the field at the beginning of any particular study and the

h1) decline of the radioactivity in these tissues serially sampled from the field population

was similar to the rate of radioactive decay of fallout debris. Liver tissue radioactivity

levels deviated markedly from the rate of radioactive decay of fallout debris. These

relationships were not apparent for bone, which reflected the build-up and retention of

specific isotopes.

The radioelement content of jackrabbit bone tissue was studied as a function of

time of collection after fallout had occurred. Ba140 Sr 89, andY concentrati6ns

increased with time after fallout to D + 20 days. These radionuclides also wLre

predominant contributors to the beta activity present in the bone. The presence of

relatively high levels of Y91 was of interest; this radionuclide is the dau.ghter of the

short lived Sr 9 1

Effects of chronic exposure of native animals in fallout patterns upon the

radiostrontium content in bone tissue have been investigated. Twelve months after the

Upshot-Knothole Series (1955), the accumulated Sr89, 90 was found to be a function of

distance from the point of deto.niation. Maximum concentrations in rabbit bones occurred

at 130 miles from ground zero (estimated fallout time of arrival: H + 3.5 hours) within

previously delineated fallout patterns.
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In rabbits collected along Plumbbob fallout patterns approximately 12 months
post-series, bone Sr concentrations correlated poorly with soil Sr levels. In areas

where surface soil Sr 9 0 levels ranged from 13. 8 to 142 mc Sr 9 0 /mi 2 , the Sr90 bone
90

contents ranged from 10 to 22 pc Sr /gm Ca with some of the lowest bone contents

coinciding with high levels of soil contamination.

In an area included in the Smoky persistence studies (Station VI) jackrabbit bone

levels of Sr90 were about the same in 1958 as in 1957. There was an increase reflected

in 1959, followed by a decrease to 1957-58 levels in 1.960, and an abrupt drop in 1961,

i.e. from 25 to 10 pc Sr /gm Ca. This occurred despite the apparent constant level

of Sr 9 0 soil environment (about 130 mc/mi2 ).

Data suggest that the higher levels of Sr 9 0 in the indigenous animals are

assoc`ated with animals that were living in the early sequence of contamination, i, e.

during and immediately after fallout, rather than wi~h animals 'hat were born later. and

merely lived in the contaminated environment.

5. Sr 9 0 in Milk Produced in the Environs of NTS: Milk samples collected from

Nevada and Utanl farms before, during, and immediately after this test series generally
90

reflected an increase in Sr immediately following deposition from the Plumbbob

detonations. A reduction in Sr90 in milk occurred with increased time after contarnin-

ation. The Sr 9 0 in m.ilk was a furction of thecows' uptake of Sr 9 0 but the relationship
was not linear with dietary Sr90, or •table calcium and strontium.. Data suggest ihat

increases in Sr90 levels of milk produced o". sucih farms could be minimized by

immediate reduction of pasture grass consumption following containinaticn. The sub-

stitution for a period of several months of fields that were outside the fallout pattern

wuuld reduce the Sr 9 0 in milk to as little as one-third the levels otherwise present,
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APPENDIX A I
PROCEDURE

A. 1 OPERATIONS

During Operation Plumbbob, the number of sampling stations and study areas was i
increased over those provided during previous test series and included distances up

to 300 miles from ground zero along the direction of the predicted fallout patterns.

While as many as nine Iarcs of fallout sampling stations were established across

certain patterns, the specific number used for a particular shot was dependent on (1)

the wind direction and speed, (2) the number of accessible trails and roads (which

made up the "arcs"), and (3) the number of trained personnel familiar with the

specific areas and field operations. There were three nearly complete changes in
field personnel during the period of May 1 to September 15 due to the delay of certain

shots which Program 37 had selected for documentation.

A. 1. 1 Shot Participation

Participation of Projects 37. 2a and 37.2 was limited to eleven detonatiorns of

nuclear devices of a predicted yield of more than 5 kt: four mounted on balloons and

seven mounted on towers. In addition, an invitation from LRL through CETO was

accepted to sample possible venting of radioactive debris from Shot Rainier, an under-
ground detonation. Special emphasis was placed on studies of fallout distribution and

characteristics of fallout from Shots Boltzmann, Hood, Priscilla, and Smoky because

of their characteristics of yield, type of devicesupport, the amount of shielding and

other material in the proximity of the device, etc.

Participation of Projects 37.1 and 37.6 was involved in continuous documentation

of selected areas with respect to the fate and persistence of deposited fallout during

the D + 3 to D + 21 day period for Shots Priscilla and Smoky. In addition, samples

of soil and biological materials were collected and analyzed from several locations in

each of the fallout patterns of Shots Boltzmann, Diablo, and Shasta.

The participation of Project 37.3 was limited by a dose rate requirement of at

least 2 mr/hr deposited on agricultural areas. This criterion was met at one far.I in

the fallout pattern from Shot Priscilla and at three farms in the Smoky fallout p ttern.

Table 1. 1, Chapter 1, shows the project participation according to the selected

shots.

A. 1.2 Operational Plan

Operational plans, particularly for Project 37. 2a, were governed by two major

factors: (1) the time at which forecasts of wind direction and speed were available to

predict the direction of fallout patterns and to estimate the time of fallout arrival at
several locations along the pattern and (2) the average magnitude of change in wind

direction during a 24 hour period.
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For example, the earliest forecasts were available at 1500 hours, D - 1 day.

These were based on the 1100 hour wind observations by the U. S. Weather Bureau

National Network of stations and the 1100 hour and 1300 hour wind observations by

the local observation stations maintained by the NTS Weather Group of the Test

Manager's Organization.

The next revised forecast was available at 2100 hours, D - 1 day, and was based

on the 1700 hour National Network observations and the 1700 hour and 2000 hour local

observations. The final forecasts and fallout pattern predictions were made inter-

mittently from H - 2 hours to H - 30 minutes based on local observations.

The average magnitude of change in wind direction during a 24 hour period that
could be expected during the five months of concern to Program 37 were as follows:

May, 40 degrees ; June, 34 degrees; July, 28 degrees; August, 25 degrees; September,

38 degrees. Operational planning and project scheduling attempted to accommodate

this climatic characteristic.

The program's activities for fallout studies for a detonation routinely began at

1500 hours on each scheduled D - 1 day and consisted of a review of the weather fore-

cast, of the possible uncertainties in the forecast, and of their probable influence on

the predicted direction of the fallout pattern. This information was prepared by the

NTS Weather Group and FOPU for the for'mal weather briefings of the Test Manager's

Advisory Panel usually scheduled at 1600 hours, D - 1 day. If the Advisory Panel's

recommendations were to proceed with the detonation, Project 37. 2a teams were

assigned rendezvous (standby) locations along the predicted pattern and dispatched from

NTS.

In general, five to ten field teams were assigned standby locations near the 20-,
50-, 80-, and 120-mile sampling arcs along the fallout patterns predicted by FOPU.

Communications with these teams were maintained by telephone and radio. Specific

station assignments were transmitted between H - 3.5 hours and H + 4 hours, depend-

ing on the wind speed forecast (fallout time-of-arrival). Each team required 2.5 to

5 hours for the placement of twenty sampling stations and its safe retirement from the

area of potential contamination to a standby location. Figure A. 1 indicates the roads

used for the various sampling arcs.

For the majority of shots, each of the teams assigned to the three to five arcs

closest to ground zero, established twenty sampling stations consisting of one granular

collector (GC) tray each. In addition, four of the stations had fallout time-of-arrival

detectors (TOAD's) and four stations had portable recording area monitors (PRAM's).

This equipment is described in Section A. 2.2 and A. 2.3.

SThese data were based on an analysis of observations made by the Weather Group,

NTS, and presented at the pre-Plumbbob FOPU conference at Albuquerque, New

Mexico, October 1956.
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The teams assigned to arcs at distances greater than 80 to 100 miles from ground
zero established identical stations, except that two GC trays were set up at each
station. This increased the capability of collecting larger quantities of the less than
44 micron size fallout particles predominantly found at such distances.

Additional studies were made on four shots to compare the relative collecting
efficiencies of the soil surface, the GC trays, the resin plates (RPC), and the gummed-
paper fallout collectors (GPC) at stations on arcs closest to ground zero. At those
stations where TOAD's and PRAM's were located, twelve GPC's also were set up. In
addition, on one shot, twelve RPC's were set up at each of the TOAD and PRAM

stations that also had GPC's.

On two shots, duplicate GPC's were exposed at the PRAM stations on the first
three arcs to obtain fallout material for early beta and gamma decay studies. These
GPC samples were recovered by special teams at approximately H + 5 hours and immedi-
ately returned to the Mercury Laboratory at NTS for decay measurements.

Descriptions of the various types of fallout collectors are included in Section A.2.4.

Fallout samples were transported to the Mercury Laboratory at NTS by Project
37.2a recovery teams; laboratory prccessing generally began at 11 + 30 hours. A
preliminary summary of data usually was available for review by D + 7 days after each
detonation.

From 0500 to 1200 hours on D + 1 day, the USGS team began the aerial radiometric
survey of the fallout patterns out to distances corresponding to fallout time-of-arrival
of H + 12 hours or more. During this same time of day, Project 37.2a field teams
conducted radiological surveys along their respective arcs across the fallout pattern
and recovered samples from the collector stations. If detailed surveys of hot spots
were indicated by these initial aerial and ground surveys, two aerial survey teams
from the Raw Materials Division, USAEC, began to further document these anomalies
at 0500 hours on D + 2 cays.

"Project 37. 1 personnel were assigned to biological and persistence study areas by
program officers in the fallout patterns from Shots Priscilla and Smoky by 2000 hours
on D + 2 days. The sample coll.ections assigned to each of these teams were started

at 1600 hours on D + 3 days. The radiological characteristics of these areas were
, -initially documented by the teams of Project 37. 2a..II

Biological samples were relayed by courier from the study areas to the Las Vegas
Airport and shipped air freight to the UCLA Laboratory. Processing and analysis of
these samples began the same day they were received.
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A.2 FIELD PROCEDURES AND INSTRUMENTATION

A. 2. 1 Delineation of Fallout Patterns by Ground and Aerial Radiometric Surveys

Delineation of the various radioactive fallout fields, requiring a cooperative effort
of eight to ten ground survey teams and the USGS aerial radiometric survey unit,

started during the D 1 day recovery of collector stations and samples. At this

time the field teams measured the residual dose rates of fallout by monitoring their

assigned sampling arcs and adjacent roads while the aircraft flew flight patterns de-

signed to determine the extent of the fallout pattern.

All ground measurements were made in undisturbed areas and approximately 3

feet above the ground surface at least 20 feet from the vehicle. In general, the arcs

were monitored at 5 mile intervals until an intensity of 1 mr/hr was located. The
intervals between measurements were then reduced to 0.5 mile until an intensity of

1 mr/hr was found on the oppusite side of the pattern. From these data the monitoring
teams estimated the location of maximum intensity on their respective arcs, then re-

surveyed the arc 1 mile on each side of this location of maximum intensity at 0. 2 mile

intervals. The locations of all monitoring and sampling stations were determined with

reference to established trails and roads by corrected vehicle odometer readings.

Corrections were necessary since the vehicle odometers read from 80 to 130 percent

of the correct mileage as determined by the measured five mile course on Mercury

Highway at NTS.

A. 2. 1. 1 Ground Survey

Ground surveys were accomplished using Office of Civil Defense Mobilization type

CD-V-700 beta-gamma survey meters, as manufactured by Victoreen Instruments

Company and Nuclear Measurements Corporation, or CD-V-710 Model 4, ionization

survey meters produced by Jordan Electronics, Incorporated. These instruments

were available in the required numbers whereas other types or kinds were not. Each

instrument used was calibrated using the Rad-Safe 534 mc Co source, located at

the NTS control point. Also, a 10 mg radium source was used for the calibration of

Geiger Mueller (GM) type (low range) instruments. See Appendix B for an evaluation
of these survey meters.

Based upon the recommendation of the Test Manager's "Committee to Establish
Fallout Doses and Intensities", (Conference, December 1957, NTS), all survey

instrument readings were normalized to the U. S. Radiac Tl-B (AN/PDR-39). Al-

though errors of from 10 to 20 percent in Radiac survey readings have been reported

by various investigators (References 1 and 2), it was assumed that normalization to

a common instrument would minimize the errors arising from differences in instru-
ment radiation sensitivity. The conversion factors, based upon comparative measure-

ments obtained by persornnel of Program 37 in fallout radiation fields and previously

published data (References 3 and 4) are summarized in Table A. 1.
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Since survey meter readings were made at different time after H hour, readings
V were corrected for decay to a common time of H + 12 hours. On the basis of gamma

decay rate studies (Chapter 4) it was found that the T" 1 2 decay rate did not hold for
the early decay period. Also the decay rate slopes varied with the age of the fallout
material. Table A.2 lists the factors aosed to correct any given gamma intensity to
H + 12 hour intensities for time intervals up to H + 50 hours based on composite decay
curve, Figure 4.11.

STABLE A. 1 Conversion Factors for Various Types of Survey Meters(a)

Instrument Detector Type Conversion Factor

OCDM Type CD-V-710, Model 4 Ionization chamber 1.0

OCDM Type CD-V-700 GM (shielded) 1.5
Beckman Model MX-5 GM (shielded) 1.3
Nuclear Model 2610A GM (shielded) 1. 9

(a) Used by Program 37 to normalize gamma dose rates to equivalent radiac Ti-B
dose rates.

TABLE A.2 Factor to Convert Observed Gamma Intensities to H + 12 Hour Intensities

Based on Composite Decay Curve, Figure 4.11

Time of Reading, Conversion Time of Reading, Conversion Time of Reading, Conversion
H + hrs Factor H + hrs Factor H + hrs Factor

0.8 0.021 6.5 0.523 26 1.856
0.9 0.026 7.0 0.567 27 1.913
1.0 0.033 7.5 0.600 28 1.975
1.2 0.049 8.0 0.653 29 2.0321.4 0.070 8.5 0.693 30 2.094
1.6 0.093 9.0 0.740 31 2. 1271.8 0.119 9. 5 0.782 32 2.1972.0 0.148 10.0 0.828 33 2.272
2.2 0. 156 10.5 0.867 34 2.352
2.4 0.165 11,0 0. 909 35 2.439
2.6 0. 174 11.5 0.956 36 2.469
2.8 0,184 12.0 1.000 37 2.531
3. 0 0.195 13 1.088 38 2.597
3.2 0,210 14 1. 1r6 39 2,667
3.4 0.228 15 1.210 40 2.739
3.6 0.246 16 1.275 41 2.778
3.8 0.264 17 1.343 42 2.8574.0 0.284 18 1.405 43 2.941
4.2 0.301 19 1.460 44 2.985
4.4 0,319 20 1.520 45 3.030
4.6 0.339 21 1.585 46 3.125
4.8 0.358 22 1.642 47 3. 174
5.0 0.380 23 1.697 48 3.255
5.5 0.427 24 1.761 49 3.278
6.0 0.483 25 1.801 50 3.333
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A. 2.1.2 Aerial Radiometric Survey

Using the available information regarding the fallout pattern from project field teams,

and Off-Site Rad-Safe teams, including a postshot analysis from FOPU of the

weather observations and an estimate of the cloud trajectory and midline out to 500

miles from ground zero, the USGS aerial radiometric survey team made a D + 1 day

aerial survey of the area. A serpentine pattern was flown along the bearing of the

estimated midline out to distances corresponding to fallout times of H + 12 to H + 16

hours. Continuous radiation inteasity readings (counts/sec) were taken by recording

gamma radiation monitoring equipment.

The flight patterns were, in actuality, a series of straight line bearings over pre-

determined visual reference points across terrain as level as practicable. The initial

flight line was begun before the edge of the fallout pattern was reached, crossed the

fallout pattern at approximately right angles, and continued past the opposite boundary

of the pattern. A series of such tranverses at increasing distances from ground zero

provided data from which the areas of fallout contamination were delineated. The

direction of traverses was often controlled by roads in order to maintain the accuracy

of the plot. In the absence of cultural features, dead-reckoning navigation was employed

with reasonable accuracy for distances up to ten miles under calm atmospheric conditions.

An air speed of 140 ±20 mph was maintained at an altitude of 500 ±25 feet above

ground level using a DC-3 aircraft. A position plot was maintained by an observer,

utilizing a view finder, who marked the position of the aircraft on a map and at the same

time actuated a marking system over recognized visual reference points. The marking

system placed fiducial marks on all record tapes and camera film. The flight pattern

was also recorded by a 35-mm, gyro stabilized, continuous strip-film camera.

The radiometric survey system used has been described in detail by the designers,

Davis and Reinhardt (References 5, 6, 7). The detectors consisted of a battery of five

thallium-activated NaI crystals, 4 inches in diameter and 1 inch thick, and one crystal,

1.5 inches in diameter and 1 inch thick. These crystals were used interchangeably,

depending upon the required counting rate. A positive high voltage supply was used to

feed the photomultiplier tubes (No. 6364) operating at approximately 1500 volts. The

signal from the photomultipliers was fed through a mixing preamplifier, amplifier,

discriminator-rate meter, and vacuum tube voltmeter, which recorded the counting rate

on Esterline-Angus recorders.

The rate meter was calibrated periodically throughout the flight by a Frahm resonant-

reed controlled oscillator giving a pulse frequency of 500.2 cycles/sec. Since the

equ.:pment had to operate over a wide temperature range, a calibration procedure
utilizing a C137 source was used. The discriminator was set at the energy level of the
Cs 1 3 7 , and, after the source was placed in position under the crystals, the amplifier was

adjusted to a predetermined value above background.
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Calibration for the nonlinearity of the equipment was obtained by using radium

sourcee of various intensities placed at a distance of 124 cm from the bottom of the

array of crystal-photornultiplier cans. An instrument lag ranging from 400 to 750

feet, depending on the time constant, was not considered in preparing the corrected

values because of the scale of the maps used (1:500, 000 or approximately 8 miles to

the inch). The internal accuracy of this system was estimated by the USGS team to

be ±5 percent.

"Conversion of aerial records, expressed as counts/sec, to mr/hr at 3 feet above

ground surface was accomplished by concurrent monitoring of roads by both ground

and aerial survey teams following several of the Plumbbob shots, usually on D + 1 day.

Since the mixed fission product fallout field resulted in multienergy radiation, the

author believed that an empirically derived conversion factor would be more valid than

other derived expressions.

Using corrected road mileage for ground survey locations and the recorded aerial

reference points, it was possible to obtain gamma intensity readings for the same

location on the ground by both methods of measurement, Using the most reliable

ground survey data and aerial data, it was determined that 1 mr/hr at 3 feet was
equivalent to aerial readings of 50,200 counts/sec ± 10 percent for Boltzmann; 48,500

counts/sec ± 12 percent for Hood and 50,300 counts/sec L 12 percent for Smoky

lc.Ir.ations. On the basis of these values, a mean conversion factor of 50, 000 counts/sec

p per mr/hr at 3 feet was used to convert the aerial data to ground intensity values.

After preliminary analysis of the initial aerial and ground surveys and PRA.M data,

further delineation of hot spots was accomplished by ground monitoring teams or two

aerial survey teams from the Raw Materials Division, USAEC, consisting of a pilot

and an observer. The latter flew aircraft (Super Piper Cub) equipped with Mount Sopris

scintillation counters, Model SC129-3, coupled to Welltab recorders. The sensitive

elementsiin nthesecinstruments consisted of thallium-activated NaI crystals, 1.5 inches

in dameer nd . 2 inheslong.

This equipment was calibrated with a 50 mc radium source. Also, it was tested in

flight over a calibrated source at Grand Junction, Colorado. Reproducible readings

were obtained throughout a range of conditions in spite of the relative sensitivity of the

radiation detectors to air turbulence.

Surveying with the Super Piper Cub aircraft usually began 50 feet above the terrain.

If radiation produced off-scale readings on the scintillator, the altitude was increased

in increments of 100 feet until on-scale readings were obtained. Ground elevation in a

particular area was established by a series of low passes made a few feet above the

ground. During the survey flight, altitudes were controlled by the pilot and his altimeter

observations. Air speeds varied between 60 and 120 mph, but were usually maintained

at 110 1mnph.
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The hot spots usually were delineated by describing a grid consisting of two sets of

flight lines at right angles to each other. The flight patterns over the selected areas

were, however, srongly influenced by topography. It was generally desirable to

maintain traverses as straight as possible, since this facilitated the plotting of data.

Therefore, whenever feasible, flight lines were over the terrain of least relief.

Data analyses and the plotting of isopleths of dose rate were done at the Mercury

Laboratory.

[ A. 2.2 Measurement of Fallout Time-of-Arrival

Records of fallout arrival were obtained by forty PRAM units, described in Section

A. 2.3, and forty TOAD's located at assigned stations on various sampling arcs before

the predicted time of fallout at each arc along the predicted pattern. The PRAM's

provided records of dose rate during and immediately after fallout up to the time of

recovery. A rise of 2 mr/hr over background radiation leveis was taken as the time-

of-arrival of fallout or radiation at that location.

The TOAD's were self-contained units developed at AEP/UCLA (deference 8).

These units consisted of a conventional surveymeter circuit having a Geiger tube of
2100 mg/cm wall thickness and a one-shot multivibrator which operated a meter which

indicated the radiation level. An electric clock in the instrument stopped when the

radiation level reached the selected point, 2 mr/hr above background, providing a

record of the time-of-arrival of radiation.

A. 2. 3 Measurement of Radiation Intens. During and After Fallout

t ~The FRAM's placed at selected locations for each shot provided a record of dose ,

rate over the period of time before, during, and after fallout until station recovery.

Integration of intensity versus time curves allowed a comparison of measured dosages

with estimated dosages derived from individual intensity-measurement extrapolations.

These data also provided a means for determining radiation decay values in the field

at selected points within the pattern.

This equipment (Jordan Electronics, Inc., PRAM Model 6) consisted of Neher-White

logarithmic-response ionization chambers coupled to Esterline-Angus Model AW

graphic recorders through battery-operated dc amplifiers. These components were

packaged in a 16 x 13 x 16 inch, shock mounted, dust proof field case. The detector

unit (ionization chamber) was suspended 3 feet above the ground and connected by cable

to the recorder, 15 to 20 feet distant, to eliminate the possible shielding effects of the

recorder ca .e. Three detection ranges were utilized: 0. 1 to 100 mr/hr; 1 to 1000

mr/hr; and 0.01 to 10 r/hr. A continuous record of gamma-radiation intensity at

selected GC stations throughout the pattern was thus provided within a time period of
R + 30 hours.
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A. 2.4 Collection of Samples of Fallout Debris for Determination of Activijt 2 per Unit

The microcurie per square foot values for deposited fallout debris were determined
from samples collected by GC and from soil samples when necessary. The GC was

developed by the UCLA Laboratory and was the primary collector utilized by this

Program (Reference 9).

Granular collectors consisted essentially of cylindrical polyethylene pellets, 0. 25
inch long and 0. 125 inch in diameter. The pellets were spread uniformly over two

mylar sheets placed side by side on a 29 x 43 x 0.5 inch deep metal tray which was
center-divided to provide two samples per tray. Each duplicate sample had a collecting

surface area of 4.73 sq ft (Figure A. 2). The samples of fallout material collected on
these trays were not subjected to previous contamination as was the case for soil samples,

yet the pellet covered tray did provide a collecting surface similar to that of soil.

These tray samples were used for many different kinds of measurements that had not

been possible during previous test operations.

, 
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Figure A. 2 Field Preparation of Granular Fallout Collector (GC).
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One hundred to 300 trays, GC collectors, were exposed on each above surface shot

studied and were set up before predicted fallout arrival for collection of fallout

material deposited at ground level. The exposed pellets were recovered in bags formed

by binding the edges of the mylar she(,ts together with wire. These bagged samples

were than placed in Kraft paper bags, labeled, and transported to the Mercury Lab-

oratory on D + 1 day. The fallout material collected was separated from the pellets

and assayed at the Mercury Laboratory (See Section A. 3. 1).

On each of four shots, selected sampling stations on certain arcs were equipped

with GP collectors with the adcdition, on one shot, of RPC's to permit a comparison of the

efficiency of the several types of fallout collectors used by various organizations.

The RPC's were galvanized iron plates ( 4 by 9 inches) on which a nondrying alkyl

resin solution was applied after the plates were mounted in field positions. The resin

solution was composed of 66.7 volume percent toluene, 1. 3 volume percent tributyl

phosphate, and 32. 0 volume percent resin (DuPont RL-233). Evaporation of the tolune

left a residue which remained tacky throughout the exposure and assay periods. =

Resin plates were mounted by C-clamps onto a 2 by 2 inch wooden bar, 5.5 feet

long. Two posts supported this bar 3 feet above the ground, allowing exposure of the

plates in a horizontal position. Cross contamination of the samples was prevented by

transporting the exposed plates in slotted, dustproof boxes. Radioasvay procedures

are described in Section A. 3. 1.2.

Gummed paper collectors were Avery Adhesive Label Corporation No. 3 gummed

papers taped onto 9.5 by 10.5 inch galvanized iron plates. A collecting surface area

of 0.5 sq ft was thus provided. Field mountings and radioassay procedures were

identical to those used for the RPC, and the entrapped particles were retained on the

collectors by folding the papers into 4 by 9 inch halves.

All collectors were set up in the field prior to the predicted ar'rivRl of fallout and

were exposed until D + 1 day. Exposed samples were returned to the Mercury Lab-

oratory for processing and assay to determine activity per unit area at H + 12 hours.

These values were compared to activity per unit area obtained from surface soil samples

collected by removing soil to a depth of 1 inch from a 1 sq ft template. Soil samples

were collected from stations at which the GC tray, RPC's, and GP collectors were

exposed.

A. 2.5 Instrumentation and Sample Collection in Persistence Study Areas

With the combined efforts of Projects 37.1, 37.2, and 37.6, a cooperative study

was undertaken to determine the physical and biological p',rsistence of fallout deposited

at various locations within the patte,'n. The areas of study, selected on the basis of

contamination level, accessibility, and characteristics of the flora and fauna, were

established on the midline of the fallout pattern at or near locations of the Project
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37.2a sampling arcs. They were spaced to provide study sites between 50 and 200

miles from .ground zero according to the characteristics of the fallout pattern under

study. Any other biological sampling within any particular fallout pattern was identified

with respect to the midline and the distance of the sampling site from ground zero and

the time of fallout.

The layout of a typical persistence study area is diagramed in Figure 6. 1, Chapter

6. Along the Priscilla pattern, four such stations were established between 68 and

197 miles from ground zero. Similarly, stations were established at 99 and at 136

miles from ground zero for the Smoky pattern. These detonations were chosen for

detailed comparison on the basis of similarity in yield anU height of burst and difference

in support of the nuclear devices. The stations were established on D + 3 days and

maintained continuously to D + 21 days. See Figures 2.3 and 2. 7. Chapter 2, for

specific locations.

The extent and nature of the fallout contamination was determined during the period

of D day to D + 2 days by Projects 37.2 and 37.2a. Animal collection areas 4 miles

long (along the midline) and 1 mile wide (across the midline) were delineated by

radiation intensity reading-- taken at 100 yard intervals along both axes with GM survey

meters (Nuclear Instrument and Chemical Corporation, Model 2610A). Each station

was located within the animal collecting area and was documented as follows:

() Five GC units were changed at 24 hour intervals during the 18-day sampling

period to determine the amount of redistribution of originally deposited fallout, latent

secondary fallout, and/or additional fallout contamination due to subsequent detonations.

(b) One automatic air sampling unit was operated continuously on 6-hour sampling

intervals over the 18 day period to measure the concentration of radioactive airborne

particles due to any of the above listed parameters, These sampling units, similar to

those used during the Teapot Test Series (Reference 10), consisted of: (1) a positive

displacement pump powered by P 0. 5 hp ac motor; (2) a tinirig mechanism that per-

mitted selection of the starting time and the duration of sampling; and (3) an indexing
motor that advanced the sample. holder in the magazine. The. same holder held eight,

3.37 inch diameter Whatman No. 41 filter papers supported by Mine Safety Appliance

Company all-purpose dust pads, type BM-2133: The average air-flow rate, as deter-

mined periodically over a 2 day sampling period at the field locations, was 13.9 ft 3

per minute.

The units were placed on swivel mounted tables -.nd were equipped with wind vanes

to maintain the sampling orifice in a windward direction.. Filters from each magazine

were placed in individual plastic boxes for return to the laboratory from the field.

Air sampling at all stations was initiated at 0400, 1000, 16000, and 2200 hours to permit

ati evaluation of the influence of daily temperature and air movement upon radioactive
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aerosol concentrations. In addition, this schedule of sampling permitted a comparison

of samples collected at different stations by eliminating variations due to time of

sampling.

Individual exposed filters from the air samplers were assayed for beta activity
using a large window (4 by 9 inches) gas-flow counter using appropriate Sr 9 0 - Y 9 0

reference standards. See Section A. 3. 1.2 for details of this equipment. Samples were

assayed not earlier than 96 hours after completion of the sampling interval to allow
radon-thoron decay products to reach a relatively low and constant level of activity.

The activity values determined for each filter were corrected to an average air

concentration per sample by a factor derived from the midtime of sampling interval

and average flow rate.

(c) One PRAM was set up and maintained. Its detector was mounted 6 inches above
the ground surface to provide a continuous record of gamma activity levels in the area

of biotic interest. Also, this record provided a comparison of decay of radiation in

the field to the decay of the initial (D + 1 day) soil and fallout collector samples mea-

sured in the laboratory.

W (d) Survey-meter readings wr taken daily to document changes in radiationr intensity. Particular emphasis was placed upon documenting the concentration of
. Ifallout in micro-environments adjacent to shrubs and in small depressions of the soil
"L"'," surface.

(e) Two recording anemometers, one at 0.5 foot and the other at 3 feet above the
! soil surface. were maintained at Stations I, III and V following Shot Priscilla and

Stations VI and VII following Shot Smoky, to provide measurements of wind speed and

direction that could be useful for the interpretation of data relating to the redistribution

of fallout. These anemometers were calibrated and furnished by the NTS Weather

Group. In addition, a recording hygrothermograph was maintained in a suitable shelter

on the soil surface. A rain gauge, consisting of a 10 inch polyethylene funnel mounted

over a half gallon polyethylene bottle, was maintained to mea.u:e prec~pitation.

(f) Soil samples were collected and processed as described in Section A.3. 13 from

areas representative of animal environments and at intervals corresponding to the
times of collection of local fauna specimens by Project 37.1. The 135 foot-square grid
shown in Figure 6. 1 provided 16 spe-ific locations where soil samplec, were also taken

at the beginning (D + 3 days) and end (D + 20 days) of a persistence study period. Five
surface soils were taken from the periphery of the grid on D + 5, D + 9, and D + 13

days. Soil profiles were taken, in increments of 1 inch, to a depth of 4 inches from

four locations at the beginning and end of the study.

(g) Native rodents (principally DiP.dory_ sp. ) and jackrabbits (Lepus califoinicus)

were collected on D + 3, D +5, D +9, D + 13, and D +20 days. The rodents were
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collected in treadle-type metal box traps; the jackrabbits were shot with . 22 caliber

rifles (Reference 11). All animals collected were packaged with dry-ice for shipment

to the UCLA Laboratory where the radioanalysis was performed (Section A. 3.6.3).

The rate of animal sampling was adjusted to assure population survival within the

study area during the 18 day period. Thus a maximum of 5 rabbits and 5 rodents was

taken at any one sampling period even though, in some cases, more animals were

available.

(h) Bulk plant material was collected at times corresponding to those for animal
sa.mpling. These samples were forwarded to the UCLA Laboratory where the sample
processing and radioanalysis was done (Section A. 3.6.3). Data from these samples

provided values for activity per unit weight of plant material to document the degree

and persistence of range forage contamination.

(i) Two types of film pack dosimeters were exposed during the persistence study,

one a standard personnel badge and the other an experimental thin window dosimeter

designed to determine beta-ray dose immediately below the cornified epithelium of the

skin (Reference 12). Sets of both kinds of film badges were placed in various micro-

environments in open areas mounted on a post at 1 inch, 1.5 feet, and 3 feet above the

soil surface. Badges also were placed within the top foliage of a shrub and at its base.

The badges were serially exposed to provide estimates of beta versus gamma dose for

the seven periods of D +3 to D + 5 days, D +3 to D +7 days, D +3 to D + 10 days,

D +3 to D + 13 days, D +3 toD +20 days, D +5 to D +20 days, and D + 10toD +

20 days. The film badges were prepared and processed by the Health Physics Section,

AEP/UCLA as described in WT-1178A (Reference 12).

Items (d), (f), (g), and (h) above, apply as well to other sample collections made

laterally to the midline during persistence studies and during project participation on

other detonations.

A. 2.6 Determination of Biotic Availability of Fallout in Agricultural Systems

"This study (Project 37.3) was dependent upon fallout patterns crossing areas of

argicultural significan-e. The levels of radioactive contamination determined the

duration of these studies. Two mr/hr at H + 12 hours was the minimum acceptable

dose rate. When feasible, farms were selected near Prpject 37. 1 study areas or

Project 37. 2a station locations.

A. 2.6. 1 Selection of Agricultural Study Areas

Twelve areas were sampled pre-Plumbbob on the basis of their geographic location

around NTS. Each area was located within three miles of a U. S. Public Health

Service surveillance station. Five of the farms selected had been doiUmented after

the Teapot Series due to their proximity to midlines of respective fallout patterns.

Dairies were operating on seven of the ten farms selected. In addition, two noncultivated

areas were included in the pre-Plumbbob background study.
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Samples of soils, forage crops, hay, dairy feeds, cattle feces, and milk were

collected at Milford and St. George, Utah; Mesquite, Alamo, Pahrump, and Lund,

Nevada; and Bishop, California. Additional soil samples were obtained at Cedar

City, Beaver, Beryl Junction, and Caliente, Utah; Overton, Tempiute, and Eureka,

Nevada; and Barstow, California. Additional specimens were obtained from the graz-

ing areas of the University of Nevada experimental cattle herds near Caliente and Knoll

Creek, Nevada. Radioassays on these samples provided background information on

the availability of selected fission products in agricultural environments due to previous

nuclear tests. To establish a comparative set of data, the above areas were resampled

after the completion of Operation Plumbbob.

During the test series, five agricultural areas contaminated by fallout debris from
Shots Priscilla and Smroky were documented as follows:

(a) Surface soil, growing feed stuffs, pasture forage, and castle feces and milk

derived from these sources were serially sampled until the end of Plumbbob and analyzed

to determine the presence, distribution, and persistence of Sr90 and C137 in the

various components of the farm environment.

(b) Analysis of the above serial samples yielded data indicative of any changes or

trends in strontium and/or cesium accumulation in cattle. These data were evaluated

relative to time o: fallout and fallout debris characteristics, as determined by Projects

37.2 and 37.2a.

(c) Fallout debris characteristics were evaluated relative to their effects on the

redistribution and metabolism of selected fission products, particularly those isotopes
metabolized into milk.

A. 2.6.2 Documentation of Contaminated Agricultural Study Areas

Based on radiological descriptions of the fallout contaminated areas obtained from

Project 37.2a, detailed monitoring was done to select the specific farms for study. The
radiological and geographical descriptions of the sampling sites pre given in Table 8.2,

Chapter 8.

(a) Soil samples were obtained from soil cores taken with augers in the permanent

pasture and alfalfa fields sampled in the pre-Plumbbob survey. From cultivated areas,
soil cores 3 5/8 inches in diameter and 6 inches deep were collected on a grid pattern
of 3 feet between core centers. Twenty cores were composited for each sample. Soil

cores from the two native areas were 3.5 inches in diameter and 2 inches deep. The

same sampling sites were used for post-Plumbbob sampling.

Soil samples from or near sampling areas used by the UCLA Laboratory in ea.rlier

surveys (1952-1956) were collected in 1 inch increments from 1 sq ft areas to a depth

of 6 inches. During this test series, triplicate soil profiles were taken from each field

sampled, taking care to avoid eroded or overflow areas. The two virgin areae and the

Delamar cattle range were sampled in the same way.
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Soil samples also were collected using 0. 25 sq ft metal templates to a 6 inch depth '

in 1 inch increments from the fields studied in the Smoky and Priscilla fallout pa.tterns.

The numbers of replicate profiles per field are given in the tables of Chapter 8. To

prevent cross contamination, all soil sample containers were sealed in the field of

origin. Each depth increment of each profile was packaged separately.

(b) Plant material was collEcted from fields in fallout patterns to determine the

relative retention of fallout by plants and the amount of radioactivity consumed by cattle.

The area unit was 1 square yard enclosed by a portable, steel template and the area

harvested per sample was 2 square yards or more. Five pounds (wet weight) or more

of plant material was collected per sample. Pasture grasses and alfalfa were clipped

with hand shears 2 inches above the ground surface. Triplicate, composite samples

were harvested from each field after fallout contamination. Hay and ensilage were also

sampled when these feeds were included in the cattle's diet.

Dairy feeds were sampled during the feeding period and composite samples were

taken to represent the dairy herd diet. These samples included hay, concentrates,

"-ilage, and beet pulp. A volumetric fraction of the material fed was collected so that

the weight consumed by the dairy herd could be determined from the dry samples. Each

sample of plant materi:al was appropriately packaged at the sampling site to avoid cross

contamination from other materials during transportation. The samples were air dried

at the Nevada Test Site in a room with a filtered air supply and were oven dried at the

UCLA Laboratory in a forced draft oven maintained at 700C for 24 hours. The plant

materials were ground by Wiley Mill to pass a 20 mesh screen.

The mean feed consumption at the time of sample collection was checked against

longer term averages. Daily hay consumption at Veyo was determined from the number
of bales fed daily times the average weight of the balds. The same lot of hay was fed •

from May through October. At Fremont, loose hay was fed and the weight of the night

feeding was determined with scales and compared to the consumption rate from the

stacked hay over the past 2 months. Records of hay consumption of Panguitch were

obtained from the mean weight of the bales purchased and the number of bales fed over

a 2 week period.

Comsumption of dairy concentrates was checked against the weight of commercial

deliveries made on a bi-weekly basis at Fremont and Veyo. At Paguitch the concentrates

were purchased in 100-pound lots and the rate of use was determined from the frequency

of purchases.

Pasture consumption was calculated in terms of the amount of hay fed to maintain

milk production when the cattle were not on pasture. Samples of pasture herbage and of

hay were dried to a constant weight and dried pasture herbage was assumed equivalent

in nutritive content to dried hay of the same plant species. When the pasture was a
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species different from the hay, total digestible nutrient data were taken from Reference

13 and the dry weight of the hay fed was converted into the weight of pasture herbage

needed to maintain milk production levels.

(c) Milk was collected from either the evening or morning milkings. When feasible,

milk sampling followed feed sampling 12 to 24 hours. Contaminated feeds were fed to

dairy herds at least eight days before milk samples were collected.

Halazone powder was used as a preservative of milk samples which were stored

until November. A measured volume was dried and charred under infrared lamps in
silica evaporating dishes and ashed 16 hours in an oxygen atmosphere at 400'C in a

muffle furnace. The ash was weighed, ground in porcelain mortars, and stored until

assayed.

Milk production recorda were consulted to determine the mean production per cow.

At Veyo these were the weight of the most recent deliveries made from a refrigerated

storage tank on alternate days. Daily deliveries were made at Fremont, and in addition

the production record of individual cows was kept by the farmer. At Panguitch the

volume of milk was determined daily by the farmer before delivery to customers.

Composite feces samples were collected in milking parlors or holding pens. These

samples were dried 24 hours at 70'C and treated as plant material in processing and

radiochemical determinations.

A.2.6.3 Fallout Assessment

The level of radiation from fallout in the farm fielde was determined with GM-type
survey meters during the selection of study areas. All readings were corrected by the
appropriate factors described in Table A.1.

The beta activity of soil and plant material was determined as the difference in
levels of beta activity between fallout contaminated samples and that of like material

which had not been exposed to fallout from Operation Plumbbob. Radiation background

values for soil samples were usually obtained from the deepest subsoil sample collected

from a profile. However, in the case of surface soil samples from Veyo after Shot
Smoky, the residual beta activity due to contamination from Priscilla fallout was sub-

tracted from these surface soil beta activities at the time of counting. Pre-Plumbbob

plant material was used to obtain the background beta activity of plant materials.

Agricultural soils were counted in the flat-plate gas-flow counting chamber described

in Section A. 3. 1.2. Appropriate selfabsorption, backscatter, and decay corrections

were made when necessary.

Soils assayed for beta activity were 100 gram samples in 4 by inch cardboard

"boxes. Ten replicates were counted from core samples and 1 sq ft increments. Six
or more replicates were counted from 0.25 sq ft increments.
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The beta activity of plant materials was determined, and corrections were made as
described in Section A. 3.6.3. Radiochemical procedures used for determining the

radionuclide contents of samples were those published by the Analytical Branch, Health

and Safety Laboratory (HASL) New York Operations Office (Reference 14). Fifty to 75

grams of soil were analyzed as required depending on the level of activity. Deter-

minations of calcium and stable strontium were also made on selected samples.

A duplicate set of the soil cores was set to the U. S. Department of Agriculture

for Sr90 analysis under the procedures used in Sr 9 0 assessment under the world-wide

sampling program. The samples were leached with R N NCI and the Sr90 content was

determined at HASL.

Two thousand gram aliquots of the composite soil cores were submitted to Dr.

Gustafson, Argonne National Laboratory for Cs 13 7 determinations by gamma spectro-

metry. The same weight of 1 sq ft surface soil sample collected adjacent to the core

was also analyzed for Cs137.

A.3 LABORATORY PROCEDURES, INSTRUMENTATION, AND DATA ANALYSIS

A. 3. 1 Determination of Activity per Unit Area and Particle Size Distribution

A. 3. 1. 1 Removal of Fallout Material from Granular Tray Collectors

The Mylar bags of plastic pellets from the exposed GC trays were returned to the

Mercury Laboratory on D + 1 day. The fallout debris was separated by processing

these samples as follows. Approximately 500 ml of isopropyl alcohol was introduced

into the Mylar bag to wet the pellet matrix The pellets were then emptied onto a 2-ram

screen 17 inches in diameter which had been placed in an 18.5 inch immersion pan. The

Mylar sheet was spread out and clipped to an upright stainless steel tray mounted over

the immersion pan, washed down with isopropyl alcohol under pressure, and finally

dried with a rubber squeegee. All particulate matter on the Mylar sheet was thus

rinsed into the immersion pan. Up to 3 liters of isopropyl alcohol was used for this

phase of the procedure.

The immersion pan, containing approximately 3.5 liters of isopropyl alcohol and

the screen bearing the plastic pellets were transferred to a machine, the dunker, designed

to alternately immerse and drain the pellet matrix in the alcohol bath thirty times per

minute. The details of construction and operation of this apparatus have been published

in a separate report (Reference 9).

The machine was operated for 5 minutes and rinsed with approximately 1 liter of

fresh isopropyl alcohol under pressure to displace any fallout material still entrapped

within the pellet matrix. The immersion pan was drained, and the suspension passed

through a 44 micron sieve, 3 inches in diameter. The pan was rinsed and policed with

about 250 ml of fresh isopropyl alcohol in 20 to 25 ml aliquots which also passed

through the 44 micron sieve. The suspension of less than 44 micron particles was

collected in straight-sided 6-liter-capacity Bain- Marie enameled pots.
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Following the initial wet sieving, the pellet matrix was rewashed using an additional

4.5 liters of isopropyl alcohol for a second wet sieving period of 5 minutes. This

suspension was passed through the greater than 44 micron sieve and collected in a

second Bain-Marie pot.

The relative efficiencies of particle removal by first, second, and third wet sieving
operations are described in Table A. 3. The data indicate that by use of the second
washing operation an efficiency of particle removal of approximately 95 percent was

obtained.

TABLE A. 3 Recovery of Fallout Material Collected by Granular Collector as a Function
of Number of Alcohol Washings

Data from duplcate samples from Station No. 0709, Shom Priscilla. Totals based on summation
of beta activity of material obtained from three washings.

Wash No. 1 Wash No. 2 Wash No. 3

Activity Activity Activity Activity Activity Activity
Total < 44 micron Total <44 micron Total < 44 micron
Sample Fraction Sample Fraction Sample Fraction

Duplicate No. I
pc/sq ft, H+12hr 31.2 22.5 2.87 2.79 1.15 1.13
Pet of total activity 88.6 85.2 8.1 10.6 3.3 4.3

Duplicate No. 2
Pc/sq ft, H + 12 hr 25.0 19.6 1.84 1.79 1.20 1.20
Pet of total activity 89.2 86.7 6.6 7.9 4.3 5.3

The suspensions from the above procedure, containing fallout particles less than

44 microns in diameter, were each passed through a membrane filter (Millipore Filter

Company, type HA) mounted in a Millipore filter holder. Sufficient rinses were also

passed through to ensure removal of all particulate matter from the container as deter-

mined by survey meter measurements. The filter was dried by air passage induced by

vacuum pump and by a four minute heating under an infrared lamp. The filter and its

residue were then transferred to a dustproof plastic culture dish for radioassay.

Selected samples of the above suspension were further fractionated by appropriate

sedimentation techniques to yield the less than five micron fraction. This fraction was

also assayed.

The material retained by the 44 micron sieve was dried under infrared lamps and

quantitatively transferred to a sieve assembly containing a sequence of screens of the

following pore sizes: 1000, 500, 350, 297, 250, 210, 177, 149, 105, 88, and 44 microns.

After 30 minutes on a Ro-Tap testing sieve shaker, the sieve assembly was removed

and dismantled. The individual screens containing specific particle-size fractions

were placed in 2-inch diameter plastic culture dishes for radioassay.

A. 3. 1. 2 Assay of Collector Samples

Samples were assayed for beta activity by scintillation probes (Nuclear Chicago,

model DS-5) with 2-inch diameter thin anthracene crystals as the detection elements
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mounted in 2-inch thick lead shields. Outputs from these probes were fed into binary
scalers (Nuclear Chicago, Model 183). The minimum energy detectable by the

aluminum- covered anthracene crystals was 60 key. The count acceptance rate was
increased to approximately 1.5 x 107 counts/min by introduction of two decade glow
tubes (Atomics Instrument Co., Model 180) between the last scaling stage and the

mechanical register. Counting efficiencies were determined with SrD9 0 y90 standards
which had the same dimensions and containers as the samples for which they served

as standards.

Some series of particle size fractions were weighed to determine the necessity for
self-absorption corrections. The quantity of any given fraction, however, was expressed
in terms of activity, rather than attempting to relate such activity to weight, per se.
Activity per unit area values were determined by correcting from actual surface areas
of all fallout collectors to activities representative of an exposed surface on 1 sq ft.

Beta assays of resin-plate, gummed-paper, air- and soil- sample materials, and
some particle-size fractions were made using a thin-window, 4 by 9 inch, flat plate
beta proportional counter followed by a linear amplifier (CMR-7, Model PA-6) and a
binary scaler (CMR-7, Model SC-3B). These units were manufactured in 1953 by the
CMR-7 Electrical Section. LASL. The flat plate, methane gas flow counters consisted

of aluminized Mylar windows of 0.8 mg/cm thickness and a detection area of 3.5 by
8. 0 inches. The mechanical registers of the scaling units were replaced with Sigma
Instruments Company Cyclonome pulse counters, Model 9A, to increase the count
acceptance rate to a maximum of approximately 7.8 x 106 counts/min. These flat plate,
detector units were shielded above with 1 inch of steel plate and on three sides by 3

inches of lead brick.

Sr 9 0 - 90 standards, prepared by impregnating 4 x 9 inch filter paper were utilized

to correct observed count rate data. All radioassay values were extrapolated to H +

12 hours on the basis of the composite Plumbbob beta decay curve presented in Figure

4.11.

A. 3.1.3 Assay of Soil Samples

Soil samples received in the laboratory were dried, if necessary, in flat trays placed
in a drying-room environment of filtered circulating air. Samples were dry-sieved
through 2-mm screens for 10 minutes on Ro-Tap testing sieve shakers. Material greater
than 2 mm diameter was discarded. The sieved fraction was sampled as follows:

(1) Three, 100 gram samples were removed for particle size fractionation by dry

sieving through 8-inch diameter screens of the following pore sizes: 1000, 500, 350,
297, 210, 177, 149, 125, 105, 88, and 44 '-tijrons in the manner described above for the
granular-collector samples. Fractionated material was then quantitatively transferred
to 3-ounce seamless boxes, which served both as counting and storage containers.
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Activity per unit area values for soil samples were based upon the summation of

mean activities of the soil size-fractions. These values were corrected to account

for the total weight of soil less than 2 mm in diameter represented by the 1 sq ft soil

sample. In cases of extremely low levels of contamination, the fraction background

activities were determined by analyzing the size fractions from the 3- to 4-inch deep,

subsurface samples and deducting these values from corresponding surface-soil size

fre L tions.

Correction factors for self-absorption were determined for each shot. A series of
2

samples of increasing weights (thickness values ranging from 3 to 860 mg/cm ) was
prepared from a pulverized soil sample contaminated by the particular shot under study.

Activity per gram was plotted against sample density to yield a curve which was extra-
polated to zero mass. Radioactivity values of samples of different thickness were

corrected to account for self-absorption by the ratio of the zero-mass activity to the
actual-mass activity.

To account for the changing energy spectrum with time, correction factors were

redetermined periodically throughout the radioassay period; and a family of curves was

constructed to allow corrections at varying postshot times.

Sr90 y9 standards In 3-ounce seamless cans were used to correct observed
count rate data obtained primarily by use of the beta scintillation counters described

above. These values were extrapolated to H + 12 hours on the basis of the composite
Plumbbob beta decay curve presented in Figure 4.11.

A. 3.2 Determination of Beta and Gamma Energy Spectra and Radiation Decay
Characteristics

Samples for decay measurements and energy spectra studies consisted of 2-inch

diameter discs cut from gummed paper collectors and from gummed paper on which

particle size fractions obtained from the GC trays were uniformly spread. These

discs were placed in the bottom of plastic culture dishes. Beta radiation was measur'ed

by either the anthracene-crystal scintillation probe or 2-inch diameter thin-window

methane flow counters.

Gamma-activity levels were determined by use of 2-inch thick, 2-inch diameter,

NaI scintillation crystals with equipment identical to that described above for beta-

scintillation counting. Efficiencies were determined using Co 6 0 standards of similar

dimensions and containers to those of the samples.

A recordiag gamma ray spectrometer (Nuclear Chicago, Model 1820) was used in

the determination of gamma energycomponents and identification of specific gamma

emitters. The unit consisted of a radiation analyzer (Model 1810), analytical count rate

meter (Model 1621), a scan-control panel, and a 0 to 10 millivolt Brown Instruments

Division potentiometer recorder. A 2 inch diameter Nal crystal, mounted in a Nuclear

Chicago Model DS-5 scintillation probe and shielded as previously described, served as
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the radiation detector. Calibration was accomplished using N22 W85 85 s 137
and Co standards.

A.3.3 Determination of Some Physical Characteristics

Individual particles of various particle size fractions greater than 44 microns in
diameter were characterized according to color, shape, opacity, and prevalent type.

Initial observations were made with a Bausch and Lomb dissecting microscope using
magnifications of 10x to 60x. More detailed observations were made using Leitz and
Spencer binocular microscopes at magnifications up to 240x. Reflected polychromatic
light from a variety of lamps was used. In most cases, observations were made using[ j two to four light sources simultaneously placed at various positions in a 200 degree arc

around the specimen stage,

Photomicrographs of notable particles were made using both an Exacta camera
'with a Visicam microscope adaptor and a Polaroid Land camera. Attempts were made

to separate, mechanically, specific particle types within a given size fraction to
ascertain any relation between physical appearance and activity.

Selected particle size fractions were separated into magnetic and nonmagnetic
components. Each sample was initially transferred to a 20 ml beaker by washing with
sufficient isopropyl alcohol to cover the material. The suspension was gently stirred
with a magnetic probe consisting of a 5 inch length of glass tubing sealed at one end
and fitted with a small Alnico rod magnet which could be withdrawn to free magnetic
particles clinging to the tube. The magnetic material so collected was carefully

rinsed to free any nonmagnetic component after which the magnet was withdrawn and
the magnetic material washed into a container and dried. The nonmagnetic material
was recovered by filtering the suspension through a Millipore HA filter. The activity
percentage of magnetic fallout was based on the sum of the radioactivities of the

magnetic and nonmagnetic components.

A. 3.4 Determination of Solubility Characteristics

Radioactive particle size fractions obtained from granular collectors, were tested
for solubility in both deionized water and 0.1 N HC1. Samples of individual fractions
having total beta radioactivities of approximately 105 counts/min were shaken by a i-e-ciprocating shaker in 17-mmtest tubes containing 10 ml of water for 60 minutes. The4I suspensions were filtered through Millipore filters as described previously. The

residues were quantitatively transferred to test tubes containing 10 ml of 0.1 N HCI"which was shaken and filtered in the same manner. The filtrates, collected in 2-inch

diameter glass petri dishes, -were evaporated under an infrared lamp prior to beta
and gamma radioassay. Residues were transferred to 1 ounce flat seamless tin boxes,
also 2 inches in diameter, and were similarly radioassayed. Solubility percentage

•' calculations were based on the sum of soluble and residual radioactivities.
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This method provides indice•. of relative solubility since completeness of solution

in either solvent is not implied. However, simples of Diablo and Priscilla fallout of

various particle-size classes were exposed to four successive treatments of water and

acid to provide indications cf rate of solution and completeness of solution resulting
from a single treatment by each solvent. Based on the assumption that the radioactivity

initially soluble in water is equally soluble in 0. 1 N HC 1, the acid solubility data

reported includes the initial water soluble fraction. Hence, reported acid solubility

percentages are considered as if initial acid extractions had been made without prior

water treatment.

A. 3.5 Radionuclide Analyses

Detailed analyses were made on selected particle size fractions by the Chemical

Analysis Group, AEP/ UCLA. Analyses were made for total beta activity and for the

following chemically separable radionuclides of the elements barium, cerium, cesium,

ruthenium, strontium, yttrium and zirconium. Radiochemical procedures developed

by the Health and Safety Laboratory, New York Operations, USAEC, and by the Las
Alamos Scientific Laboratory were used on the prepared sample (References 14 and 15).

A. 3.6 Analysis of Fallout Debris Persistence Sample

Those samples collected to document the changing concentration of fallout material

per se (I. e., granular fallout collector, air sampler, and soil) were processed at the

Mercury Laboratory. Biological samples, including plants and animals, were processed

as; the Environmental Radiation Division Laboratory, AEP/UCLA. Film dosimeters
were prepared and processed by the Health Physics Section of AEP/UCLA.

A. 3.6. 1 Fallout Collector and Soil Samples

Serial samples from granular collectors and soil specimens were processed and

radloassayed according to procedures described in Section A. 3. 1.

A.3.6.2 Aerosol Samples

Individual exposed filters fe,'r.:. the air-sampler magazines (Section A. 2.5) were

placed in plastic boxes for radioassay. Samples were assayed at least 96 hours after

completion of the sampling intervat to allow radon-thoron decay products to reach a

relatively low and constant level of activity. The activity values determined for each

filter were corrected to midtime of the sample period and average flow rate.

A. 3.6.3 Processing and Radioassay of Biological Samples

The procedures used to process and assay both plant and animal samples are pre-

sented in detail in Weapons Test WT-1177 (Reference 11) and summarized below.

Animal samples: Frozen small animal samples forwarded to the UCLA Laboratory

from the field were thaw id and dipped in a mixture of paraffin and beeswax. This step
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immobilized fallout material on the pelt and minimized contamination from the fur

during further processing. Animals were then autopsied to provide weighed samples

of skin, GI tract contents, thyroid, lung, liver, kidney, muscle, and bone. The tissues,

except thyroid, were reduced in bulk by drying in an oven and then ashed in a muffle

furnace at 5400 C. Ash residues in aliquots of 500 mg were m~ounted in 1 inch diameter

stainless steel planchets for counting. Fresh thyroid tissue was placed directly into the

planchets, macerated, moistened with sodium thiosulphate, gently dried, and counted.

The level of fission product contamination in animal tissue was generally too low to

provide satisfactory counting resolution using the available gamma scintillation equip-

ment. Therefore, with the exception of selected samples of thyroid tissue, all animal

samples were counted with an end-window GM tube (1.4 mg/cm2 Anton Model 1001T)

for beta activity. Sr 9 0 -Y0 was used for the standard reference source. Selected

thyroid samples were assayed with a gamma spectrometer system fitted with a 2 inch

Nal crystal using a C137 reference source.

Selected samples of each kind of tissue from several conditions of contamination

were used to determine beta radioactivity decay and self-absorption factors. These

corrections, including ash weight to wet weight conversion factors, were used to adjust

the observed counting data to dis/min/gm of fresh tissue and uc/gm of fresh tissue.

The reported values are above the average radioactivity determined to be present in

tissues prior to the test series, and therefore, the data specifically reflect the accum-

ulation of radionuclides from fallout material due to Operation Plumbbob.

Plant Samples: Bulk plant samples were returned to the UCLA Laboratory where

they were dried to a constant weight at 70'C and ground to pass through a 20 mesh

screen in a Wiley Mill. Fifty-gram aliquots were counted using the large area flat-
plate methane gas flow proportional counters described in Section A. 3. 1.2.

Fission Product Analysis: Selected samples of animal tissue determined by total

beta count to contain enough radioactivity to insure some success in isotopic identi-

fication of the contaminants were forwarded to the Chemical Analysis Section for

determination of the concentration of the following radionuclides: barium, cerium,

cesium, ruthenium, strontium, yttrium and zirconium (Section A. 3.5).
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APPENDIX B

EVALUATION OF TWO TYPES

OF RADIATION SURVEY INSTRUMENTS

Program 37, CETG, is indebted to the Federal Civil Defense Administration

(now the Office of Defense and Civilian Mobilization) for the use of sixty CD V-710

4- and thirty CD V-700 survey instruments; and to the State of California Civil Defense
Organization for the use of thirty-two CD V-700 survey instruments during Operation

Plumbbob at the Nevada Test Site.

The two types of instruments are evaluated below with respect to calibration

characteristics, field observations, and maintenance1.

B. 1 INSTRUMENT CD V-710 -MODEL 4

B.1.1 Calibration

The calibration of these instruments was performed on the Rad-Safe calibration
60range at NTS utilizing a 0.534 curie Co radiation source. Attempts were made

initially to calibrate using the method recommended by the manufacturer and quoted

below:

"Prior to recalibrating the instrument, install a new set of batteries. Set the

range switch to ZERO position, turn the ZERO control clockwise to the "stop" and

adjust the COARSE ZERO control to make the meter read 0. 4. Rezero the instrument

with the ZERO control.

Check the calibration with the instrumeiAt in the case. Remove the instrument and

adjust the CALIBRATE control as required. Replace the instrument in the case and

check the reading; repeat this procedure until the correct reading is obtained... .

This method proved unsatisfactory because the adjustment of the CALIBRATE

control in many cases destroyed the zero adjustment and/or a satisfactory circuit-

check reading. The latter situation occurred with an estimated thirty percent of the

"instruments. A zero adjustment with the range switch at the ZERO position very

frequently gave a poor zero value on the X1 scale causing large eri-ors at low radiation

levels.

The following procedure was developed by Program 37 personnel primarily to

improve the accuracyof readings at low radiation intensity levels (<50 rnr/hr):

a. Before entering the radiation field, set COARSE ZERO and CALIBRATE

controls to approximate center position. Set zero control on top of instrument to full

clockwise position.

Instrument calibration and maintenance was supervised by J. W. Neel, William Botts,

and John Courtier.
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b. With the range selector at the X1 position at the 400 mr/hr intensity point

on the calibration range, adjust the COARSE ZERO control to bring the meter needle

to 400 mr/hr. If this adjustment cannot be accomplished with the COARSE ZERO

control, turn the COARSE ZERO control back 1/8 to 1/4 turn and bring needle to read

400 mr/hr with the CALIBRATE control.

c. Out of the radiation field (i.e., <1 mr/hr) of the calibration range, zero the

instrument with the ZERO control on top of instrument with the range selector set at

the X1 position.

d. Return the instrument to the 400 mr/hr intensity point on the range and

readjust the meter needle to read 400 mr/hr with the CALIBRATE control.

e. Recheck zero out of the radiation field and adjust with ZERO control on top

of instrument if necessary.

f. Repeat steps (d) and (e) until the instrument reads 400 mr/hr at the 400

mr/hr intensity level and zero at the < 1 mr/hr intensity level (this operation was
generally accomplished by three adjustments at each position).

The above procedure was followed by the determination of observed values at

true intensity levels of 20, 40, 60, 100, 200, 300, 400, and 500 mr/hr on the XI scale

and at levels of 300, 400, 500, 600, 700, 800, 900 and 1, 000 mr/hr on the X10 scale.

Calibration at higher radiation intensities was not required by Program 37.

B. 1.2. Instrument Characteristics

The following discussion of instrument calibration characteristics is based on
47 instruments which were calibrated by the same four personnel over a 2 day period

using the method described above. Prior to calibration, the instruments were

determined to have proper battery voltage and to be operating satisfactorily.

Considering the observed dial readings at different levels without regard for

the shapes of the respective calibration curves, Tables B. 1 and B. 2 present data

indicative of the magnitude of dial reading deviation from true values and the distri-

bution of such deviations among a number of instruments. Such data indicate the

accuracy to be expected at different radiation intensity levels by instruments subjected

to the "one-point" calibration procedure described in the foregoing section.

Dial readings on the X1 scale (Table B. 1) demonstrate the greatest deviation

from true values on the lower one-fifth of the dial, and all instruments generally yielded

values within -25 percent of the true values above the 100 mr/hr radiation level. The

maximum accuracy occurred near the center of the dial at the 200 mr/hr level, and

accuracy declined at the full scale level where dial readings tended to be low.

The dial readings on the X10 scale, described in Table B.2, all occur on the

lower one-fifth of the dial ana .'eflect to a greater degree the high deviation from true

values demonstrated on the X1 scale for this portion of the dial. The trend in values
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TABLE B. 1 Reading Deviation on CD V-710, Model 4, Survey Instruments (Xl Scale)

Deviations on readings at different radiation intensity levels with 47 instruments on the
Xl scale.

Dial Reading
Deviation
Pct of true True mr/hr
mr/hr 20 40 s0 100 200 300 400 500

Pct of instruments

10 38 47 43 43 66 36 32 19

< + 5 - - - 52 77 66 73 49
<L10 - - 49 69 92 87 90 72

<:L15 - 58 - 75 96 94 96 85

< -20 - - 64 96 98 100 100 94

<-+25 51 67 68 - 100 - - 96
< i50 64 90 9U 100 .-

<±75 - 94 100 -

<±100 90 100 - -

< ,150 94 -

<:200 100 -

No. of Meters
off scale - - 4

TABLE B. 2 Reading Deviation on CD V-710, Model 4, Survey Instruments (X1O Scale)

De,,ations on readinj3 at various radiation intensity levels with 47 insitruments on the
X1O scale.

Dial Reading
Deviation,
Pct of true True mr/hr
mr/hr 300 400 500 600 700 800 900 1.000

Pot of instruments =

+0 19 24 19 23 21 30 28 28
- 30 21 29 - - - 45

<e10 21 - 32 38 34 41 39 62

< +15 - 34 36 - - 56 64 77
<:L20 23 36 62 57 72 71 79 98

<:L25 27 53 - 66 - 94 96 -

<±50 66 81 92 100 100 100 100 100

<:75 81 98 100 - - - - -

<.•100 98 - -

No. of Meters
with no response 2 2
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for dial readings suggests that deviations would decrease at higher radiation levels.

All instruments yielded values within i 50 percent and the majority within L 20 percent
of true values from 600 to 1000 mr/hr.

Considering the accuracy of dial readings of individual instruments over the

range of radiation intensities investigated and excluding the lowest of 20 mr/hr level,

34 percent of the instruments demonstrated deviations with : 10 p6rcent of the true

value on the X1 scale and 19 percent of the instruments demonstrated deviations on the

X10 scale (to a maximum true level of 1000 mr/hr). Six percent of the instruments

demonstrated deviation within 4-10 percent of the true values on both the X1 and X10
scale.

Indications of "Zero Creep" are obtained by analysis of dial readings over the

20 to 100 mr/hr range on the X1 scale of instruments with aberrant X1O scale readings.

Thirteen of 14 instruments which read high throughout the X1O scale range or at the
lower levels also demonstrated high dial readings at intensity levels of 20 to 100 mr/hr
on the Xl scale (where "Zero Creeo'would be most detectable). Conversely, only one

of 20 instrumnents which yielded low dial readings on the X10 scale also demonstrated

low readings over the 20 to 100 mr/hr range on the Xl scale.

B. 1. 3 Field Observations

Other than instrument malfunction caused by electronic difficulties, the primary
complaint of Program 37 field personnel concerned the zero adjustment. The adjust-

ment knob itself is not sufficiently protected to prevent accidental jarring. Erroneous

readings, usually high, were obtained after the jarring of the adjustment knot. These

were particularly noticeable at low radiation intensity values (20 to 40 mr/hr) when the
instruments were used in conjunction with 0 to 50 mr/hr GM type instruments.

Radiation measurements obtained by U. S. Army AN/PDR-TIB and CD V-710

survey instruments at the same locations in fallout contaminated areas indicated that

the two instruments yielded equivalent values upon the application of calibration

correction factors to observed readings.

B.1.4 Mniatenance

The calibration and coarse zero potentiometers were of poor quality, and
instrument malfunction in the field was often attributable to loose contacts on these

two potentiometers. Some electrometer tubes required replacement but ttLe number was

not unreasonable in terms of the number of instruments involved.

B.2 INSTRUMENT CD V-700

B.2.1 Calibration

The calibration of CD V-700 instruments was performed on a special course
established at Mercury utilizing a 10 mg radium source. The internal source was not

useful in adjusting instrument sensitivity prior to range calibration; the few instruments
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which demonstrated highly aberrant values were adjusted at medium radiation

intensities on the calibration range. Observed values were obtained at true intensity

levels of 0.01, 0.03, 0.05, 0.07, 0. 1, 0.3, 0.4, and 0.5 mr/hr on the X1 scale; at

0,5, 1, 3, 4, and 5 mr/hr on the X10 scale; and at 1, 5, 10, 20, 30, 40, and 50 mr/hr

on the X100 scale.

B. 2. 2 Instrument Characteristics

Unless otherwise indicated, the following discustsion of instrument calibration

characteristics is based on 43 instruments which were calibrated over a 17 day period

by the same four personnel. Prior to calibration, the instruments were checked with

respect to proper battery voltage and satisfactory operation.

Tables B. 3, B. 4, and B. 5 indicate the magnitude of dial reading deviation

from true values and the distribution of such deviations among a number of instruments.

Dial reading deviations on the Xl scale are described in Table B. 3; over the range of

0.1 to 0.5 mr/hr, 50 percent or more of the instruments indicated values within k 10

percent of true values. The maximum efficiency occurred at 0.4 mr/hr. A relatively

large number of instruments (35 percent) were off scale at the 0. 5 mr/hr intensity

level.

At true intensity levels of less than 0. 1 mr/hr, dial readings were more

erratic as is to be expected when background levels are approached. Background

activity levels were determined on 18 instruments: 5 instruments (28 percent)

demonstrated a background level of 0. 01 mr/hr; 8 instruments (44 percent), a level

of 0. 02 mr/hrý 4 instruments (22 percent), a level of 0. 03 mr/hr; and 1 instrument

(5 percent), a level of 0. 06 mr/hr. By inspection, background values did not

generally affect dial readings above 0.1 mr/hr and in many cases, above 0.05 mr/hr.

Dial reading deviations on the X10 scale are described in Table B. 4. Seventy-
four percent of" the instruments demonstrated readings within ± 50 percent of true

values over the range from 0.5 to 5 mr/hr. Twenty-six percent of the instruments

were off scale at the 5 mr/hr level. Over 50 percent of the instruments yielded

values within A:10 percent of true values from 0.5 to 5 mr/hr.

Dial reading deviations on the X100 scale are described in Table B. 5. The

greatest accuracy occurred near the center of the dial where 72 percent of the

instruments yielded correct values at the 20 mr/hr intensity level. While 1 mr/hr

values were quite erratic, 70 percent of the instruments demonstrated values which

were accurate to ±50 percent of true values over the range from 5 to 50 mr/hr; 30

percent of the instruments were off scale at the 50 mr/hr level. However, over the

same range, more than 50 percent of the instruments demonstrated values which

were accurate to i10 percent of true values.
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TABLE B. 3 Reading Deviation on CD V-700 S lr,,ey Instruments (Xl Scale)

Deviations on readings at various radiation intenilty levels with 43 instruments on the
Xl scale.

Dial Reading
Deviation,
Pot of true True mr/hr
mr/hr 0.01 O 0 3.a 0.5 0.07- 0.1 0.3 0.4 0.5

Pet of instruments

o0 14 49 47 39 40 49 60 37
S- 5- - - 60 67 51

", .10 - - 49 63 70

-15 - 78 - 88 86 53
:g20 -1O 77 - 67 - 93 63
S*25 - - - - 93 95 65

-150 - 88 91 95 91 100 100 -
L 75 - 93 95 - 93 -
S-1100 60 95 100 100 100

- --150 - - .
a•200 91 100 - - -

S300 - . -

S400 95 . -

r 600 100 - -

No. of Metersoff-scale 35

a4 1 instruments were used at this level

TABLE B.4 Reading Deviation on CD V-700 Survey Instruments (X1O Scale)

Deviations on readings at various radiation intensity lev Is with 43 instruments on theXI 0 scale.

Dial Reading
Deviation, True mr/hr
Pct of true
mr/hr 0.5 1 3 4 5

Pet of Instrumentit

S0 63 35 28 35 40

L 5 37 58 44
4ý 10 69 85 70 74 60

% 115 - 88 72 93 63

1 i20 88 92 95 98 72
:k 25 - - 100 100 -

S+50 100 100 - - 74

No. of Meters
off- scale - 26

a16 instruments used at this level

b 2 6 instruments used at this levwl
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TABLE 13. 5 Reading Deviation on CD V-700 Survey Instruments (XWOO Scale)

Deviationi3 on readings at various radiation intensity levels with 43 instruments on the
X100 scale.

Dial Reading
Deviation,
Pct of true True mr/hr
mr/hr 1 5 10 20 30 40 50

Pct of instruments

S0 47 51 56 72 33 12 12

,. 5 - - 60 88 77 65 26

-10 - 72 88 93 95 86 51

S=15 - - - 98 98 95 60

s20 - 93 95 - - - 67
gL 25 - 95 - 100 - 100 70

!C50 74 100 100 - 100 - -

! -7 5 7 7 - - -.

t100 91 - - -.

S150 98 - - -.

•200 100 - - -.

No. of Meters
off-scale ...... 30

Considering the accuracy of dial readings of individual instruments over the

ranges of 0.1 to 0. 5 mr/hr on the Xl scale, i to 5 mr/hr (or 3 to 5 mr/hr for 17

instruments) on the X10 scale, and 5 to 50 mr/hr on the X100 scale, the percent of

instruments yielding values within ýE 10 percent of true values were 19, 47, and 44 per-

cent on the X1, XIO, and X100 scales, respectively. Nine percent of the instruments

demonstrated dial readings within - 10 percent of true values on all three scales.

Approximately 12 percent of the instruments were off scale at the maximum value on

all three scales.

B.2.3. Field Observations

The CD V-700 vurvey instrument was a reliable field instrument, and the 50

mr/hr range proved very advantageous when used in conjunction with the CD V-710 ion

chnmber instruments w'.th their attendant inaccuracies in the 20 to 40 mr/hr range.

The major complaint of Program 37 field personnel concerned dial needle

fluctuation where measurements of radiation levels of less than 2 mr/hr were

attempted.
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Comparisons of the CD V-700 survey instrument to other types of instruments

with respect to measurmment of intensity levels of fallout radiation were minimal.

However, one comparison of fallout radiation measurement by the CD V-700 and the

U. S. Army AN/PDR-T1-B instruments was obtained during Operation Plumbbob.

Radiation measurements were obtained at various times after H hour at a single

location and the observed radiation intensity values corrected by appropriate cali-

bration factors. The data appear in Table B. 6.

Over the time period from H + 9.4 to H + 12.4 hours, the measurements by the

CD V-700 instrument ranged from 88.8 to 72. 7 percent of those obtained by the Ti-B

ion chamber instrument. The fact that the ratio varied with time after a shot may well

reflect differential energy responses of the two instruments; however, results based on

single instruments of each type cannot be considered conclusive in view of the

variability demonstrated in the foregoing sections by instruments of the same type.

TABLE B, 6 Comparison of Fallout Radiation Measurements Made by CD V-700
and U. S. Army AN/PDR-Tl-B Survey Instruments.

Time after Fallout radiation Ratio
shot, intensity, mr/hr V-700/T1-B
H+hours TI-B V-700 x 100

9.43 18.8 16.7 88.8

10.45 18.2 14.6 80.2

10.93 17.9 13.6 76.0

11.50 16.5 13.0 78.8

11.93 15.8 12.4 78.5

12.43 15.0 10.9 72.7

Mean 79.2

B. 2.4 Maintenance

The primary source of instrument malfunction was related to the CK 6418 tubes

which require frequent replacement in terms of the number of hours of operation.

B. 3 DISCUSSION AND SUMMARY

The results of dial reading versus true radiation intensity determinations (in

mr/hr) derived from the calibration of more than 40 instruments each of the CD V-700

and CD V-710 types are summarized in Table B. 7 with respect to the percent of

instruments demonstrating dial readings within ± 10 percent of true values.

The CD V-700 values generally indicate greater accuracy than those of the CD

V-710 ion chamber over the lower portion of the meter dial; however, a relatively

large number of instruments were off scale at the maximum points on each of the three

scales of the CD V-700 instrument.
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TABLE B.?7 Percent of Survey Instruments Demonstrating Dial Readings Within i-10

Percent of True Values at Various Radiation Intensity Levels.

Pct of instruments within :k 10 pct of true mr/hr value

CD V-700 CD V-710
True Scale Scale

mrlhr value X 1 X10 Xloo Il X 1U

0.01 14 - - - -

0.03 49 - - - -

0.05 47 - - - -

0.07 39 - - - -

0.1 49 - - - -

0.3 63 - - - -

0.4 70 - ---

0.5 51 69 ---

1 - 85 47--
3-70 - - -

4 - 74
5-6() 72

t0 - - 88 - -

20 -- 93 38-
30 -- 95 -40 -- 86 47-
100 - - - 6
50 - - 51 49

600 - - - 49-

200 - - - 92 -300 - - - 87 21

400 - - - 90 30

600 - - - - 38
700 - - - - 34
800 - - - - 41
900 - - - - 39

1000 - - - - 62

No. of Meters

off __________________ scale__________

Lat maximum 35 26 30 4-
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The percentages of each type of instrument which demonstrated dial readings
within t 10 percent of true values over essentially full dial deflection on different

scales (except for the CD V-700, X10 scale) are summarized in Table B. 8. These

data show that the CD V-710 instrument is relatively acceptable on the lowest scale.

It is obvious, however, that the calibration at low radiation intensities
(<1000 mr/hr) discriminates against the CD V-710 instrument since the majority of the
readings obtained were on the lower one fifth of the dial as well as being much below the

probable optimal radiation intensity range for which the instrument is designed.

Field and maintenance observations are summarized in Table B. 9.

TABLE B. 8 Percent of Instruments Demonstrating Dial Readings Within + 10 Percent
Vues Over Various Intensity Ranges.

Pet of instruments within t 10 pcL of true mr/hr valueTrue

mr/hr Scale
Range IX XI0 X I0

CD V-700

0.1-0.5 19

1-5 - 47

5-50 - 44

0.1-50 9

CD V-710

40-500 34=

300-1000 - 19

40-1000 6

TABLE B. 9 Field and Maintenance Observations of Survey Instruments

Instrument Field Observations Maintenance Observationsov t

CD V-700 Difficult measurement of Frequent replacement
levels less than 2 mr/hr of CK 6418 tubes;
due to needle fluctuation, other maintenance
A generally reliable field minimal.
instrument with a very
useful range (50 mr/hr).

CD V-710 Inadequate ZERO CONTROL Frequent loose contactsprotection; inaccurate at low on CALIBRATE and COARSE .•
radiation levels (less than 50 ZERO potentiometers which
mr/hr). Instrument was not are of poor quality for durable
used by Program 37 at field instruments.
optimal radiation intensities.
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APPENDIX C

ACTIVITY PER SQUARE FOOT, FA14 LOUT TIME OF ARRIVAL, AND
PERCENTAGE OF THE MATERIAL WITHIN FALLOUT PATTERNS FROM

SHOTS BOLTZMANN, PRISCILLA, AND SMOKY
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TABLE C. I Activity Per Square Foot, Fallout Time of Arrival, and Percentage of the Less Than 44
Micron Material Within Fallout Patterns from Shots Boltzmann, Priscilla, and Smoky

Total Bactivity values corrected to H + 12 hours, average of duplicate sample areas each 4.73 sq ft.
Exceptions indicated by superscript a, from single sample area. deg-min, degrees-minute. NM, notmeasured. S, one sq ft surface soil sample 1 inch deep. For locations of arcs within the patterns see

Figures 2.1, 2.3 and 2.7a.

Miles Miles Bearing Fallout Total 8 Pct <44 micron
Sta. Station Location from from from GZ, time, activity, fraction
No. Miles Reference Midline GZ deg-min H + hour Pc/sq ft denosited

Shot Boltzmann, Arc I

0120 9.41 W of Standard on road 6.2 W 38.0 323-45 2.9 2.23 66
0119 8.4 1 miles Sand parallel 5.8W 36.8 324-05 2.8 2.67 63
0118 7.4) to Standard road 5.2 W 35.9 324-25 2.6 56.9 23

011' 7.0 SWofStandardon 4.9 W 35.4 324-40 2.5 2.16 60
0116 6.7 4.6 W 35.6 325-15 2.2 28.5 30.7 road to dry lake
0115 5.7 3.7 W 35.9 326-45 1.8 120 42

0114 4.71 3.0 W 36.3 328-05 1.7 655 24
0113 3.7 Wof Standard 2.0 W 36.3 324-35 1.6 895 22
0112 2.7 on Standard 1.0 W 36.2 331-20 1.5 981 22
0111 1.6 road (Midline) -0- 36.3 332-55 1.4 1230 20
0110 0.6 0.6 E 35.9 334-05 1.4 1290 19

0109 0.4 1.5 E 35.2 335-00 1.5 796 22
0108 1.6 2.3 E 35.0 336-30 1.3 852 13
0107 2.6 3.2 E 34.5 338-10 1.7 921 54
0106 3,6 E of Standard on 4.1 E 34.5 339-30 1.8 204 39

0105 4.6 Standard road 5.1 E 34.3 341-15 2.0 31.7 12
0104 5.6 6.2 E 34.0 342-50 2.5 4.88 26
0103 6.6 7.2 E 34.0 344-35 3.0 4.18 69

0 0102 7.6 8.2 E 34.0 346-25 3.8 0.91 73
0101 8.6 9.2 E 34.0 348-00 4.2 0.53 92

Shot Boltzmann, Arc II

0201 40 20.0W 68.9 323-15 3.9 3 . 6 2a 76
0202 39 19.8 W 67.9 323-00 3.9 3 . 7 1 a 83
0203 38 19.4 W 66.8 323-05 3.8 8.55 87
0204 37 19.0 W 65.8 323-00 3.8 3 . 9 7 a 77
0205 36 18.9 W 64.8 323-05 3.8 NM --

0206 35 18.6 W 63.9 323-10 3.8 NM -

0207 34 18.0 W 62.9 323-15 3.7 NM -

(208 33 17.4 W 61.8 323-20 3.7 5.71• 88

0209 32 16.8 W 60.9 323-5 3.6 2.75 88I0210 31 15.8W 60.1 324-15 3.6 NM --

0211 30 15.0 W 59.1 324-40 3.5 NM --
0212 29 14.0 W 58.3 324-05 3.4 NM --

0213 28 13.0 W 57.5 325-35 3.3 3 .60  90

0214 27 12.2 W 56.6 326-05 3.2 NM --
0215 26 11.3 W 55.7 326-40 3.1 NM -

0216 25 WofReedon 10.8 W 54.8 327-00 3.0 NM --

0217 24 old Nev. 25 10.0 W 53.8 327-25 3.0 NM --

0218 23 9o2 W 53.0 3•27-50 2.9 1 . 4 8 a 82

0219 22 8.5 W 52.2 328-35 2.8 3 . 7 6 a 75
0220 21 7.4 W 51.6 329-25 2.7 19.0 40
0301 20.0 6.1 W 51.0 330-20 2.6 117 27
0321 19.5 5.8 W 50.8 330-50 2.5 151 (S) --
0302 19.0 5.1 W 50.4 331-20 2.4 275 29

0303 18.0 4.2 W 50.0 332-15 2.3 284 30
0304 17.0 3.3 W 49.6 333-10 2.2 246 31
0305 16.0 2.3 W 49.1 334-05 2.2 253 43
0322 15.2 1.8 W 48.8 334-55 2.2 422 (S) --
0306 15.0 1.5 W 48.7 335-20 2.1 686 30

0307 14.0 0.5 W 48.3 336-15 2.1 632 32
0323 13.5 (Midline) -0- 48.1 336-55 2.0 1119 (S) --

0308 13.0 0.7 E 47.9 337-25 2.0 1120 23
0309 12.0 1.5 E 47.4 338-25 2.0 450 17
0310 11.0 2.3 E 47.8 339-45 2.0 297 40
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TABLE C.1 (contd)
Miles Miles Bearing Fallout Total 0 Pet <44 micron

Sta. Station Location from from from GZ, time, activity, fraction
No. Miles Reference Midline GZ deg-min H + hour pIc/sq ft deposited

Shot Boltzmann Arc II (contd)

0311 10.0 3.6 E 47.2 340-50 2.0 215 25
0312 9.0 4.3 E 47.1 341-55 2.0 119 42
0313 8.0 5.2 E 47.0 343-05 2.2 r4.3 10
0314 7.0 6.1E 47.0 344-15 2.6 28.6 38
0315 6.0 WofReedonold 7.2 E 46.9 345-30 3.0 2.17 78Nev. 25
0316 5.0 8.2 E 45.8 346-30 3.5 3.99 63

S0317 4.0 9.2 E 46.5 347-50 4.0 7.14 72
0318 3.0 10.1 E 46.4 349-00 4.5 4.60 58
0319 2.0 12.0E 46.5 350-10 5.0 4.78 85
0320 1.0 13.0 E 46.5 351-20 5.5 1.92 68

Shot Boltzmann, Arc III
0520 39.0' 29.1 W 87.9 321-20 5.2 3.07 87
0519 37.0 28.5 W 86.8 322-25 5.0 3.02 85
0518 35.1 25.6 W 85.8 323-30 4.8 3.70 80
0517 33.1 24. 0 W 85.4 324-35 4.7 3.45 86
0516 31.3 22.5 W 85.6 325-35 4.7 3.49 86

0515 29.3 20.9 W 85.4 326-45 4.5 3.03 96
0514 27.1 19.1 W 84.5 328-05 4.4 10.1 76
0513 25.1 17.5 W 83.3 329-05 4.2 8.92 58
0512 23.0 16.5 W 82.2 330-20 4.0 l1.1 50
0511, 1.0 14.0W 82.2 331-30 3.9 25.7 49

0510 19.0 12.3 W 81.2 332-40 3.8 63.0 520509 17.1 10.6 W 80.8 334-00 3.7 73.4 43

0508 15.0 W of Warm Springs 8.5 W 80.2 335-30 3.7 56.6 50
0507 13.0 on U. S. No. 6 6.5 W 79.8 337-00 3.7 49.5 80
0506 11.0 4.8W 79.2 338-15 3.7 37.0 53
0505 9.0 3.6 W 79.0 339-45 3.7 66.5 59

0523 7.6 1.1 W 78.7 340-45 3.7 239 (S)1
0504 7.0 0.8 W 78.7 341-10 3.7 1310 74
0522 6.6 0.2 W 78.6 341-30 3.7 942 (S) --

-- 6.4 (Midline) -0- 78.5 341-45 3.7 NM --

0521 6.0 0.2 E 78.4 341-55 3.7 934 --

0503 5.0 1.0 E 78.1 342-35 3.7 572 76
0502 3.1 3.0 E 78.0 344-00 3.8 284 65
S0501 1.0 5.3 X 77.9 345-30 4.0 10.9 75

0107 38. 1' 15.0 N 26.7 028-55 2.9 0.72 81I 0106 37.0 14.0 N 25.1 031-50 2.8 1.13 82
0105 36.0 12.9 N 24.7 033-00 2.8 1.72 82
0104 35.0 11.9 N 24.1 035-15 2.8 1.95 85

* 0103 34.0 11.1N 23.8 037-05 2.7 2.96 82

0102 33.0 10.0 N 23.8 039-50 2.7 4.26 85
0101 32.0 9.1 N 23.6 042-10 2.6 5.12 81

S0108 30.8 8.1 N 23.5 044-30 2.6 10.3 83
0109 29.8 N of Indian Springs 7.0 N 23.2 046-30 2.5 9.05 81
0110 28.8 ian 6.1 N 22.0 048-35 2.5 8.99 82

0115 27.8 Springs road 5.1 N 21.0 050-15 2.4 7.49 77
0112 26.8 4.3 N 20.3 052-00 2.4 9.68 74
0113 25.8 3.6 19.6 053-55 2.3 8.53 83
0114 24.8 2.9 N 19.0 056-25 2.2 43.7 67

S0115 23.8 1.9 N 18.4 059-10 2.4 126 65

S0124 23.3 1.I1 N 18.1 060-40 2.4 467 (S) -

0116 22.8 0.8 18.0 062-00 2.5 82.4 53
-- 21.9 (Midline) -0- 17.8 064-30 2.5 ....

0117 21.8 0.1 S 17.8 064-50 2.5 115 57
0118 20.8 1.0 S 17.4 067-55 2.6 77.1 70
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TABLE C. I (contd)

Miles Miles Bearing Fallout Total 0 Pct <44 rmicronSta. Station Location from from from GZ, time, activity, fraction

No. Miles Reference Midline GZ deg-min H + hour pc/sq ft deposited

Shot Priscilla. Arc I (contd)

0119 19.8) N of Indian Springs 2.0S 17.0 071-15 2.7 22.2 65
0127 19.3f AFB on Indian 2.4 S 16.9 073-15 2.8 105 (S) --
0120 19.0 Springs road 2.9 S 16.8 074-25 2.8 2.11 70

Shot Priscilla, Arc II

0301 20.6" 14.0 N 55.5 053-20 4.7 2 . 5 7a 77
0302 19.6 13.0 N 55.5 055-10 4.5 2 . 8 5 a 73
0205 18.7 12.1 N 55.8 O.5i-05 4.4 1 . 0 6 a 86
0206 17.8 11.6 N 55.8 057-05 4.4 1 . 4 3 a 92
0304 17.6 11.4 N 55.9 057-25 4.3 1 8 4 a 89

0305 16.4 10.3 N 56.4 058-10 4.3 1 . 3 7a 91
0306 15.5 9.3 N 57.5 059-15 4.2 1 . 3 3a 870207 14.7 8.4 N 57.0 060-05 4.1 1.17a 85

0208 13.9 7.6 N 56.7 060-45 4.0 0. 8 8 0 a 82
0209 13.0 6.9 N 56.2 061-40 3.9 1 . 2 8 a 79

02 26.2N 56.0 062-25 3.9 2 5 0 a 710210 12.2 4 of Kane Springs 6.2 N 56.0 062-25 3.9 2 501a 71

0211 11.3 road5.3 N 55.8 063-05 3.8 361 72
0212 10.4 No. 93 4.6 N 55.9 064-05 3.8 9.32 78

0213 9.5 3.6 N 55.8 065-15 3.8 18.8 77
0214 8.6 2.8 N 55.7 066-05 3.7 27.4 66 I0215 7.7 1.8 N 55.7 067-10 3.8 45.6 71

0216 6.8 1.0 N 55.5 068-15 3.8 67.9 69
0224 6.4 0.6 N 55.2 069-10 3.9 170 (S) --

0217 5.8 0.1 N 54.9 068-50 3.9 75.5 64
-- 5.7 (Midline) -0- 54.9 068-55 3.9 NM --

0223 5.3 0.4 S 54.9 069-15 3.9 154 (S) ..
0218 5.0 0.8 S 54.9 069-45 4.0 54.7 73
0219 4.2 1.6S 54.8 070-20 4.0 30.4 71
0220 3.3 2.5 S 55.0 071-20 4.1 14.4 85
0307 1.4 3.5 S 55.3 072-35 4.3 2.25 84
0308 0.4 4.5 S 55.7 074-00 4.4 1 . 1 7 a 82

Shot Priscilla, Arc III

0801 36.1 10.9 N 86.0 062-20 6:8 3.76 80
0802 35.3 10.0 N 84.4 062-45 6.7 4.47 81

i 0803 34.4 9.3 N 83.9 062-55 6.7 4 . 7 8a 77
0804 33.5 8.9N 83.0 063-10 6.6 5.65 84
0805 32.7 8.4N 82.2 063-20 6.5 5.47 77

0806 31.8 7.9 81.5 963-35 6.4 5.24 77
0807 30.9 7.3 N 80.8 0G3-53 6.2 5.66 80
0808 30.0 6.9 N 80.1 064-15 6.1 6.34 83
0809 29.0 6.2 N 79.3 064L35 6.0 4.73 73
0810 28.0 5.7 78.7 064-50 5.9 9.77 80
0811 27.1 5.3 N 78.0 065-05 5.7 10.1 80
0812 26.3 N3on U. 5.0 N 77.2 065-15 5.5 13.2 84

C 0813 25.3 Springs road 4.5 N 76.3 065-30 5.4 11.0 82
0814 24.5 4.0 N 75.5 065-50 5.3 12.8 78
0706 19.8 1.8 N 72.1 067-05 5.2 24.0 68

0707 19.1 1.1 N 71.4 067-20 5.1 17.5 72
0708 18.3 8. N 70.5 067-45 5.1 18.6 79
0816 18.2 0.8 N 70.4 067-45 5.0 70.1 --

0817 17.8 0.7 N 70.2 067-50 5. 0 103 (S) --

0709 17.5 0.6 N 70.0 067-55 5.0 29.0 70

0710 16.8 0.4 N 69.3 068-10 5.0 24.5 69
0711 16.0 0.2 N 68.8 068-25 4.4 31.2 89
0723 15.5 (Midline) -0- 68.4 068-35 4.4 163 (S) --
0712 15.2 0.2 S 68.1 068-45 4.4 32.2 73
0725 14.8 0.5 S 67.9 068-20 4.4 102 (S) --
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TABLE C.1 (contd)

St. SttonLcainMiles Miles Bearing Fallout Total 0 Pct <44 micron
Sta. Station Location from trom from GZ time, activity, fraction
No. Miles Reference Midline GZ deg-min H + hour Uc/sq ft deposited

Shot Priscilla, Arc III (contd)

0713 14.57 0.7 S 67.4 068-00 4.4 25.0 74
0819 14.2 0.8S 67.2 068-05 4.4 55.9 (S) --
0714 13.7 0.9 S 67.0 069-15 4.4 17.2 78m 0715 12.9 NEo .S o 3 1.1 S 66.3 069-35 4.4 8.85 80

onKaneSprings 1.6 S 65.5 069-55 4.4 6.78 76

0727 11.7 road 1.7 S 65.2 070-00 4.4 2"3.9 (S)
0717 11.4 1.8S 65.0 070-05 4.4 5.10 81
0820 11.11 1.8 S 64.8 070-10 4.4 80.8 (S) --

- Shot Priscilla, Arc IV

0920 2.31 W of Utah 16 on 22.8N 143 062-00 13.0 1 . 3 6 a 82
0919 0,5 Utah 56 21.8N 144 063-35 12.6 1 .07a 88
0918 10.6 21.0N 144 063-55 12.3 1.25a 79
0917 9.0 20.0N 142 063-05 12.1 1 . 3 3 a 81
S0916 7.2 Eof Utah 18 on 18.9 N 141 064-15 11.5 1.99 a 82096 72 EfUtah l1 n1.6 11 041 1. .98
0915 5.6 Utah 16 17.9 N 139 064-45 11.0 1 . 8 4 a 82
0914 3.5 17.0N 137 064-50 10.7 2 . 1 1 a 81
0913 1.9 16.1 N 135 065-00 10.4 2.04 78
0912 19.6 15.7N 133 065-55 10.0 2.7a NM
0911 17.7 14.3 N 134 065-35 9.9 4 . 2 5 a 66
0910 16.0 13.4 N 135 066-05 8.5 2 . 7 6 a 80
09(09 14.4 12.3 N 136 066-40 7.7 3 . 4 5a 72
0908 12.5 N of Veyo on Utah 10.3 N 135 067-25 7.1 5.08 73
0907 10.8 18 8.6 N 135 068-15 7.1 5.18 78
0906 8.9 6.9 N 135 069-00 7.1 5.02 77
0905 7.2 5.3 N 134 069-30 7.1 5.08 84
0904 5.5 3.5 N 133 070-15 7.1 6.68 85
0903 3.7 3.1 N 132 070-40 7.1 7.82 81
0992 1.8 1.0N 130 071-10 7.1 9.17 85
0901 0.:1 0.1 N 129 071-30 7.1 13.4 80

(Midline) -0- 129 071-10 ......

1001 0.4] 0.3 S 128 071-35 7.1 10.5 75
1002 3.9( 1.0 S 126 071-55 7.0 10.7 72
1003 6.6 S. ofVeyoon Utah 18 2.9 8 124 072-05 7.0 6.55 69
1004 9.3 5.0 S 123 073-30 7.2 5.70 83
1005 11.8 6.8S 122 074-35 7.4 5.24 76
1006 14.8, 9.2 S 122 075-50 7.6 3 . 3 1 a 73

Shot Priscilla, Arc V
S0420 8.6ý N of Utah 56 (Cedar 28.0 N 176 065-35 14.0 0o 7 9 a 88

0419 5.5 City) on U. S. No. 26.3 N 173 065-45 13.9 1 . 9 9 a 89
0418 2.4 91 24.0 N 171 066-20 13.5 1 . 3 0 a 77
0417 1.2 19.5 N 169 067-40 13.0 1 . 5 5 a 87
0416 4.3 17.2 N 166 068-05 12.6 1.80 88
0415 7.3 15.8 N 168 068-15 12.4 2 . 4 1 a 81
0414 10.4 12. 9 N 162 069-10 11.9 3 9 5 a 82
0413 13.5 10.0 N 159 070-00 11.5 3 . 6 0 a 85

0412 16.5 7.5 N 157 070-45 11.1 4 . 4 8 a 85
0411 19.6 S of City) 4.5 N 155 071-45 9.8 5.79 82
0410 22.7 (d Ct 1.6 N 154 072-40 9.2 8.23 83
0421 25.1 on U. S. 91 (Midline) -0- 153 073-10 8.9 2 ..4 (S) --
0409 25.7 1.0 S 152 073-35 8.6 8.'1 86
0422 28.6 3.5 S 157 074-15 8.5 170 (S) --
0408 28.8 3.7 S 150 074-35 8.5 6.88 86
0407 31.7 6.1 S 148 076-25 9.2 6.79 83
0406 34.9 8.5 S 146 076-10 10.0 6.45 87
0405 37.9 10.5 S 144 077-45 10.1 4 .5 2 a 73
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TABLE C. 1 (contd)

Miles Miles Bearing Fallout Total 0 Pct <44 micron
Sta. Station Location from from from GZ, time, activity, fraction
No. Miles Reference Midline GZ deg-min H + hour pc/sq ft deposited

Shot Priscilla Arc V (contd)

0404 41.0'I 12.8 S 142 077-35 10.1 4 18_a 78
0403 44.0 S of Utah 56 (Cedar 15.2 S 139 078-25 10.1 1.67a 80
0402 47.1 City) on U. S. 91 16.2 S 136 078-50 10.0 1.17a 78
0401 50.2 16.3 S 134 078-55 9.7 0.355a 94

Shot Priscilla, Arc VI
0501 Hatch, Utah 20.0 N 200 071-10 11.8 1.17a 90

0521 2.6 16.0 N 199 071-35 11.5 19.3 (S) --
0503 5.3 15.7 N 198 072-15 11.1
0504 7.9 13.1 N 196 072-50 10.8 1 . 4 0a 76
0505 10.5 10.8 N 196 073-30 10.5 2 . 1 2 a 81

0506 13.2 8.4 N 194 074-05 10.2 3 06' 75
0507 15.8 6.1 N 192 074-45 9.8 3.78a 77
0508 18.4 3.8 N 191 075-20 9.5 6.33 78
0523 19.3 S of Hatch on 2.8 N 190 075-35 9.4 31.0 (S) --
0509 21.1 U. S. 89 1.6 N 189 075-50 9,4 6.59 71

0510 23.7 (Midline) -0- 188 076-15 9.5 8.85 78
0511 26.3 2.5 S 187 076-55 9.7 3.28 83
0512 28.9 4.5 S 186 077-30 9.8 3.05 90
0513 31.6 6.7 S 184 078-00 10.0 2 : 0 4 a 79
0527 34.2 8.5 S 182 078-30 10.1 12.9 (S) --

0515 36.8 10.5 S 181 079-05 10.3 NM --'k0516 39.5| 12.3 S 182 079-40 10.6 N M --
0517 42.lj 13.2 S 184 080-10 10.7 0 . 9 3 a 78

Shot Smoky, Arc I

0101 2.0 1.2 102-40 NM Collector Destroyed by Blast
0102 3.0 2.0 131-05 NM Collector Destroyed by Blast
0103 4.0 1.0 S 2.8 140-15 -0- Collector Destroyed by Blast
0104 5.0 1.4 S 3.7 150-05 0.1 Collector Destroyed by Blast
0105 6.0 2.8 S 4.6 164-30 0.2 953 2.9

0106 7.0 3.7 S 5.3 168-35 0.3 1020 5.0
0107 8.0 4.7 S 6.3 169-20 0.4 894 5.5
0108 9.0 S of Gate 385 on 5.5 S 7.3 170-50 0.5 36ý 24
0109 10.0 Mercury Hwy 6.3 S 8.3 173-05 0.7 325 8.5
01i0 11.0 7.1S 9.2 174-30 1.0 141 12

0111 12.0 8.1 S 10.4 174-55 1.2 NM --

0112 13.0 8.8 S 11.3 175-30 1.5 16.5 26 I
0113 14.0 9.8 S 12.3 175-40 1.7 1 3 . 4 a 38
0114 15.0 10.6 S 13.3 175-50 1.8 24.7 40
0115 16.0 11.6 S 14.3 175-55 2.1 12.9 61

0116 17.0 12.5 S 15.4 176-05 2.4 14.7 43
0117 18.0, 13.5 S 16.4 176-20 2.6 13.0 43

Shot Smoky, Arc II

0221 41.6" 6.3 N 20.0 100-50 0.7 30.9 (S) --
0222 -- 4.5 N 21.2 104-55 0.8 2430 (S) --

0223 36.4 1.4 N 23.2 110-40 0.9 9350(S) --

0224 35.3 -0- 24.2 112-40 1.0 10,100(5) --

0225 34.8 0.5 S 24.8 113-15 1. 1 10,900 (S) --

0201 34.0 1.O S 25.4 113-35 1.1 8050 12
0202 32.7 N of Indian Spring 2.0 S 26.8 114-50 1. 1 5050 13
0203 31.2 AFB on Indian 3.2 S 27.9 117-15 1.2 640 30
0204 29.9 Springs road 4.5 S 28.6 119-15 1.5 181 24
0205 28.6 5.9 S 30.0 121-35 2.0 66.6 49

0206 27.3 7.2 S 34.4 123-40 3.0 26.1 36
0207 26.1 8.5 S 31.0 126-00 3.5 30.4 41
0208 24.8 9.9 S 32.0 128-n5 4.2 25.6 57
0209 23.4 11.1 S 32.7 129-35 4.5 16.6 77
0210 22.0 12.5 S 33.8 131-20 5.2 12.7 71
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TABLE C. 1 (contd)

Miles Miles Bearing Fallout Total A Pct <44 micron

Sta. Station Location from from from GZ, time, activity, fraction
No. IVlies Reference Midline GZ deg-min H + hour $Ac/sq ft deposited

Shot Smoky, Arc II (contd)

0211 20.6" 14, OS 34.9 133-25 7.0 8.49 77
0212 19.4 15.1 S 35.4 134-35 6.3 3.38 66
0213 18.1 16.5 S 36.4 136-20 6.5 6.65 96
0214 16.7 17.9 S 37.2 138-05 6.7 4.47 82

AFB on Indian 19.2 S 38.1 139-20 7.1 3.45 96

0216 14.0 Springs road 20.5 S 39.0 140-55 8.0 2.99 92
0217 12.7 21.8 S 40.0 142-10 8.2 3.41 499
0218 11.4 23.2 S 41.0 143-30 8.5 3.64 99
0219 10.1 24.5 S 42.0 144-40 8.7 0.70 98
9220 8. 8 25.8S 42.9 145-45 9.0 2.98 99

Shot Smoky, Arc III

0325 53.2 7.8 N 49.0 099-00 2.5 34.4 (5) --

0324 50.3 3.2 I 48.2 104-50 2.9 717 (S) --

0321 48.1 1.0 N 48.2 107-35 3.1 5100 (5) --

0301 47.1 -0- 48,1 108-45 3.2 8190 16
0322 47.0 0.1 S 48.1 108-50 3.2 6390(5) --

0302 45.1 1.9 S 47.9 111-25 3.3 1150 15
0303 43.2 3.9 S 48.0 113-50 3.5 244 37
0304 41.4 5.9 S 48.8 115-55 3.7 221 22
0305 39.4 7.8 S 50.0 117-45 3,9 180 30
0306 37.5 9.8 8 51.2 119-40 4.2 32.0 45

0307 35.5 11,4 S 51.5 121-40 4.4 23.8 58
0308 33.6 13.4 S 52.6 123-30 4.6 24.3 70
0309 31.6 N of U. S. 95 on 15.3 S 53.7 125-25 5.0 14.3 78
0310 29.7 Sheep Canyon road 17.3 S 54.7 127-05 5.5 10.3 75
0311 27.7 19.3 S 55.0 129-15 6.0 11.0 59

0312 25.8 21.2 S 55.5 131-15 6.5 5.59 89
0313 23.8 23.1 S 56.2 133-15 7.0 2.69 85
0314 21.8 25.0S 57.0 134-50 7.5 2.12 93
0315 19.9 27.0 S 58.0 136-45 8.0 0.56 88
0316 17.8 28.9 5 58.8 138-25 -- 0.69 97

0317 15.7 31.1 S 59.8 140-05 -- 0.76 98
0318 13.9 32.5 61.0 141-15 -- 0.38 91
0319 11.9 34.1 S 62.9 141-15 -- 0.53 89
0320 10.0 35.5 S 65.1 141-20 -- 0.38 90

Shot Smoky, Arc IV-A

0521 8.5" 6.0 N 59.7 096-25 3.2 62.0 (S)
0 2.4 0.3 N 62.8 101-20 4.0 2000 (S) --05224 .6 Nof Kane Springs -0- 63.3 101-40 4.1 1440 (S) --0524 1.3 road on U. S. 930523 1.31 0.2 S 63.7 101-55 4,.1 2770 (S) "

0501 0 J 1.3 S 64.6 102-25 4.2 1260 30

0525 1.2 2.8S 64.9 103-35 4.4 2160(S) -"

0502 2.3 3.7 S 65.3 104-25 4.4 78.3 64
0526 2.9 4.5 S 66.0 105-05 4.5 23.6 (S) --

0503 4.2 5.5 S 66.6 105-50 4.6 63.1 38
0504 6.2 7.0S 68.1 107-00 5.0 42.5 60

0527 7.2 8.2 S 68.9 107-50 5.2 1050(S) --

0505 8.2 S of Kane Springs 8.8 S 69.5 108-15 5.2 38.7 48
0506 10.3 orfadon U. S. 93 10.8 S 70.6 109-40 5.5 25.1 58
0507 12.3 12.5 S 72.1 110-55 5.7 32.3 56
0508 14.6 14.6 S 73.1 112-25 6.0 25.6 63

0509 16.3 15.0 S 75.0 112-15 6.2 27.8 63
0510 18.4 15.2 S 77.1 112-20 6.5 21.6 70
0511 20.4 16.1 S 79.1 112-35 6.8 17.9 65
0512 22.5 16.9 S 81.3 113-00 7.3 9.14 86
0513 24.6_ 17.3 S 83.5 113-10 7.7 14.1 80
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TABLE C. 1 (contd)

Miles Miles Bearing Fallout Total 0 Pct <44 micron
Sta. Station Location from from from GZ, time, activity, fraction
No. Miles Reference Midline GZ deg-min H + hour pc/sq ft deposited

Shot Smoky, Arc IV-A (contd)

0514 26841' SofKaioeSpringz 18.0S 85.2 113-15 8.3 14.9 79
0615 28.5.f road. on U. S. 93 18.8 S 87.2 113-35 8.5 15.5 81

0516 11.4• 19.2 S 93.6 112-35 8.5 NM --

0517 9.4 N 21.2 S 94.8 113-15 8.7 14.7 94
0518 6.6 N1of2OvertononNev. 23.8 S 96.1 114-00 9.0 3.07 93
0519 4.6I 12 25.6 S 98.6 114-55 9.5 1.81 96
0520 2.6. 27.4 S 100.3 115-30 9.7 1.12 97

Shot Smoky, Arc IV-B

0401 47 E of Pole-Line road 16.0 S 73.3 113-35 6.0 16.3 78
0402 2.6 17.3 S 72.0 114-55 6.0 19.3 74
0403 0.6j o 19.0 S 71.2 116-35 6.0 1.7,4 85

0404 38.0' 20.5 S 71.8 117-45 7.0 16.0 78
0405 36.0 22.5 S 72.9 119-05 7.0 18.7 83
0406 34,0 24.5 S 74.0 120-25 8.0 13.0 88
0407 31.9 25,3 S 75.0 120-50 8.0 12.4 91
0408 29.9 N of U. S. 93/91 on 26.5 S 75.4 121-35 8.0 9.16 89

0409 27.7 Pole-Line road 28.3 S 76,5 122-45 8.0 7.67 93
0410 25.7 30.2 S 77.5 124-00 8.5 4.79 95
0411 23.7 32.0S 78.0 125-10 8.5 6.58 67
0412 21.5 34.0 S 78.9 126-35 8.5 2.54 88
0413 19.5 35.5 S 79.8 127-40 9.0 1.51 90

Shot Smoky, Arc V

0620 3.6' 12.,5 N 92.2 091-30 3.0 7,37 41
0619 5,6 12.0 N 94.0 091-40 3.9 11.0 66
0618 7,6 11.0 N 05,5 092-10 4.0 14.5 41
0617 9.6 9.5 N 95,8 090-10 4.1 27.2 38
0616 11.6 8.0 N 96.8 094-00 4.1 79.1 35

•0t'a 13.6 7.2 N 97,8 094-45 4.2 207 33
0614 15.6 4.4 N 08.0 095-40 4.3 373 34
0613 17.6 2.2 N 99.5 096-50 4.5 470 38
0612 19.4 0.5 N 99.4 097-55 4.5 643 38
0665 20.6 (Midline) -0- 99.3 008-25 4.5 1280 (S)

0611 21.5 g 0.5 S 09.2 098-35 4.6 726 380644 22.0 "S ot Kane Springs road 11$ 9. 09-5 46 49()-
0610 23.6 on Morman Mesa road 1.8 S 99.2 099-15 4.6 419 (39 -

01 2361.8 S 99.2 099-25 4.6 620 39

0609 25.6 3.3 S 99.8 100620 4.7 496 35
0608 26.8 4.8 S 99.0 101-10 4.8 334 32

0654 28.6 5.2 S 09.8 101-30 4.8 320 (S) --

0607 20.6 6.0 S 99.3 102-05 4.9 144 37
0606 31.6 7.0 S 98.9 102-55 4.9 62.6 45
0605 33.6 8.6 S 98.9 103-55 5.0 36.5 39
0604 35.6 10.2 S 99.1 104-45 5.2 23.8 57

0603 37.6 11.8 S 09.6 105-40 5.5 17.8 58
0602 39.6 13.2 S 100 106-35 5.8 16.2 52
0601 41.6_ 14.9 S 100 107-30 6.1 14.7 65

Shot Smoky, Arc Vl

0721 25 9 12.0 N 1.37 081-45 4.7 53.5 (S) --

0722 144 NofU.S. 4.0 N 134 086-00 i..8 259(5) --

0724 11.3[ 91 on (First Midline) -0- 136 088-55 4.8 316 (S) --0725Utah 18 3.5 S 137 089-25 6.0 204 (5) --075 7. 204(S

0131 32.8 8.1 S 122 097-05 5.4 41.4 (S) --

0730 31 8| 7.1 S 122 096-50 5.4 115(S) --

0729 II.0 i S1ofnUtah 2.0 N 129 089-25 4.7 535 (S) --

0728 8 .7J U. S. 91 (Second Midline) 0- 130 089-35 5.0 667 (S) --0727 7.2| 2.3 8 131 090-05 5.5 225 (S)-- .

0726 4.1 5.0OS 132 090-30 5.5 122 (5) -
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TABLE C. 1 (contd)

Miles Miles Bearing Fallout Total B Pct <44 micron
Sta. from from from GZ. time, activity, fraction
No. Miles Reference Midline GZ deg-min H + hour Wc/sq ft deposited

Shot Smoky, Arc VI (contd)

0901 0.7 11.9 S 140 092-10 8.1 18.9 71
0902 1.7 12.3 S 141 092-35 8.1 12.9 68
0903 2.8 12.7 S 141 093-05 8.2 15.4 83
0904 3.9 13.0 S 141 093-30 8.3 15.0 77

F0905 5.0 13.5 S 141 094-00 8.4 14.6 84

0906 6.0 14.3 S 141 094-20 8.5 16.3 81
0907 7.1 15.1 S 141 094-45 8.6 17.1 72
0908 8.2 15.9 S 141 095-05 8.7 14.4 81
0909 9.2 16.8 S 141 095-35 8.8 13.1 85
0910 10.3 S of Virgin River on 17.5 5 141 096-00 9.0 14.6 81

0911 11.4 Utah 64 18.3 S 141 096-25 9.1 13.0 91
0912 12.4 19.1 S 141 096-45 9.2 11.6 79
0913 13.5 20.2 S 141 097-05 9.4 10.4 81
0914 14.6 20.9 S 142 097-25 9.6 9.66 78
0915 15.6 21.5 S 142 097-40 9.7 8.93 83

0916 16.7 22.6 S 142 098-00 9.9 7.88 79
0917 17.8 23.7 5 142 098-30 10.0 7.31 77
0918 18.9 24.8 S 142 099-00 10.2 7.37 81
0919 20.1 25.9 S 142 099-25 10.5 7.67 80
0920 21.2 26.0 S 142 099-55 10.7 5.67 81
0921 37.0 30.4 S 145 100-25 11.5 8.38 --

Shot Smoky, Arc VII

0825 7.6 9.5 N 164 078-35 5.4 49.1 (S) --

0820 14,4 5.0 N 161 080-45 5.5 84.2 48
0819 16.5 4.0 N 160 081-20 5.5 89.1 48
0818 18.3 2,.5 N 160 082-00 5.5 145 48
0817 20.3 1.3 N 159 082-40 5.6 207 52

0824 21.0 0.7 N 158 082-50 5.6 457 (S) --

0816 22.3 (Midline) -0- 158 083-10 5.6 201 45
0815 24.2 1.5 S 158 083-50 5.6 217 470823 25.0 2.0 S 158 084-05 5.8 316 (S) -
0814 26.2 2.5 S 157 084 -2 5.8 212 4

0813 28.32 4.0 S 152 085-05 6.0 179 47
08085.1 S 155 085-45 6.0 197 49
0801 39.1 S 91 o.8 S 154 088-20 6.0 193 50
0810 33.9 7.5 S 153 087-00 6.5 182 52
0809 .3602 8.0 S 152 087-35 7.5 170 (4

0808 37.1 8.3 S 151 087-50 6.7 158 510807 39.0 9.1 S 149 088-45 6.7 102 48
0806 41.9 10.5 S 148 089-25 7.0 61.9 52
0822 42.0 11.6 S 148 089-30 7.o 122 (S) -
0805 43.8 11.1 S 147 089-55 7.5 41.4 64

0804 45.8 11.3 S 146 090-10 7.5 32.7 61
0821 47.3 11.6 S 145 090-30 7.5 26.5 (S) --

Q803 47.8 11.3 S 143 090-45 7.5 17.2 83
0802 49.7 10.5 S 142 090-50 7.5 22.3 67
0801 51.7 10.4 S 140 091-15 7.0 31.4 72

Shot Smoky, Arc VIII

1021 28.3 20.2 N 223 070-10 12.5 31.3 (S) --
1022 24.0 20.0 N 219 070-40 12.5 93.3 (S) --

1023 12.5 12.5 N 212 073-00 12.5 179 (S) --

1024 8.9 N of Panguitch on 10.0 N 209 073-45 12.5 129 (S) -"

1025 1.4 U. S. 89 3.0 N 206 073-35 12.5 250 (S) --

1026 3.3 1.0 S 207 076-45 12.0 195 (S) --

1027 7.7 5.0 S 208 077-45 12.0
1028 8.1 5.5 S 207 078-00 12.0 53.5 (S) --

1020 23.7 13.0 S 201 081-15 12.0 1.65 92
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TABLE C. 1 (concl)

Miles Miles Bearing Fallout Total 8 Pct <44 micron

Sta. Station Location from from from GZ, time, activity, f vaction
No. Miles Reference Midlitie GZ deg-min H + hour Lic/sq ft dtiposited

Shot Smoky, Arc VIII (concl)

1015 35.2 19.,0S 196 084-10 12.0 1.47 99
1010 46.9 N of Panguitch on 23.8 S 191 086-40 12.0 2.61 96
1005 59. U.S. 89 32.2 8 194 089-10 12.5 0.1.3 93

1001 67, 40.OS 197 091-05 13.5 1.1," 93

I,,
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APPENDIX D

RESULTS OF RADIONUCLIDE ANALYSES OF FALLOUT DEBRIS ORIGINATING FROM

FIVE SHOTS: BOLTZMANN, PRISCILLA, DIABLO, SHASTA AND SMOKY
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TABLE D. I Radionuclide Analysis of Fractions from Fallout Debris from Five Shots

NS: Not Significant

Size Range Radionuclide at D + 30 Days Percent of Total
of Fraction, 140 141 144 136 103, 106 89, 90 91 95 Beta Activity

microns Ba Ce + Ce-Pr Cs Ru oS Y Zr W

Pct of Total Beta Activity

Shot Boltzzmann

Arc I: 36 mi. from GZ; 0.0 mi. from midline; Fallout time H + 1.4 hr. (Sta. No. 0111)

125 - 149 13.9 20.9 0.2 2.8 1.3 8.7 10.5 58.4
<44 15.3 16.1 0.2 8.2 2.2 10.5 8.0 60.4

Arc I: 48 mi. from GZ; 0.7 mi. 2 of midline; Fallout time H + 2.0 hr. (Sta. No. 0308)

125 - 149 15.5 20.1 0.2 2.9 1.6 9.4 9.5 59.4
<44 15.4 15.8 0.2 6.3 2.5 10.9 8.3 59.5

Arc IIh: 79 mi. from GZ; 0. 8 mi. W of midline; Fallout time 1-1 + 3.6 hr. (Stu. No. 0504)

88- 105 17.0 21.8 0.3 4.6 1.9 10.6. 7.8 63.9
44 - 88 14.5 17.7 0.2 3.4 1.6 9.1 9.1 55.6

<44 14.6 18.2 0.3 5.6 3.9 9.6 7.9 60.2

Shot Priscilla

Arc I: 18 mi. from GZ; 1.0 ml. N of midline; Fallout time 1-H + 2.4 hr. (Sta. No. 0115)

350- 500 18.6 15.5 0.1 5.8 3.1 17.4 4.0 64.1297 - 350 17.2 17.2 0.09 6.4 2.7 15.0 6.2 64,7250 - 297 18.5 16.9 0.08 5,4 2.5 16.; 3.5 63.5
210- 297 18.5 16.9 0.08 5.4 2.5 16.6 3.5 63,5
177 - 210 20.0 18.6 0.09 4,0 2.5 16.2 2.5 64.1
149 - 177 19.8 20.0 0.08 3.6 2.7 17.2 2.5 65,9
125- 149 20.2 14.9 0.0) 5.0 2,7 16.6 2.7 62.2
105- 125 18.5 16.3 NS 4.6 3.1 15,3 6,3 64.1
88- 105 18.1 15.0 0.07 4.4 3.5 12.1 4.8 58.044 - 88 18.0 1I. 3 0.03 6.0 3,8 8,.7 B, 6; 53, 3

"-r44 18.4 13.3 0.09 8.7 5.8 14.5 3.5 64.2

Arc I: 55 mi. from GZ; 0. 1 mi. N of midline; Fallout time H + 3,9 hi'. (Sta. No. 0217)

149 177 15.1 16.2 0.07 12.7 2.81 11.4 3.8 62.2
125 - 149 14.6 16.1 0.05 13.0 2.7 11.7 2.8 60.8
l0o - 125 15.9 14.1 0.07 9.8 2.7 12.6 3.2 58.4

88- 105 16.9 14.7 0.1 9,6 2.7 13.1 2.8 6010
44- 88 18.0 13.4 0.07 10.3 3.6 15,1 4.3 64.9

I44 20.9 15.3 0.1 12,6 6.7 16.2 4.3 76.1

Arc III: 68 mi. from GZ; 0.2 mi. S of midline; Fallout time H + 4.4 hr. (Sta. No. 0712)

S88- 105 15.9 14.9 NS 11.4 2.5 15.5 2.8 63.1
44 - 88 19.4 14.7 NS 6.8 2.5 13.9 1.7 59.2

<44 20.2 16.3 0.12 11.3 7.2 10.5 4.4 70.1

Arc IV: 126 mi. from GZ; 1. 0 mi. S of midline; Fallout time 11 + 7.0 hr. (Sta, No. 1002)

44 - 88 16.1 14.1 NS 11.5 3.5 19.2 3.6 67.9
<44 18.9 13.9 0.09 12.9 6.4 14.2 4.4 70.9

Arc V: 152 mi. from GZ; 1.0 mi. S of midline; Fallout time H + 8. 6 hr. (Sta. No. 0409)

<44 16.1 11.3 0.08 10.5 6.0 12.2 3.9 60.0

Arc VI: 188 ml. from GZ; 0.0 mi. S of midline; Fallout time H + 9. 5 hir. (Sta. No. 0510)

44 - 88 15.3 12.3 NS 12.2 5.2 11.4 3,4 59.8
<44 16.9 10.3 0.08 10.2 6.6 13.4 3.9 61.4
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TABLE D. I Radionuclide Analysis of Fractions from Fallout Debris from Five Shots (contd)

Size Range Radionuclide at D + 30 Days Percent of Total'of Fraction, Beta Activity
microns Ba1 4 0 ce141 + Ce-Pr 1 4 4 Cs13 6 Ru' 0 3 , 106 Sr 8 9 ' 90 y 9 1 .Zr9 5  B c

Pct of Total Beta Activity

Shot Diablo

Arc I: 16 mi. from GZ; 6.7 mi. E of midline; Fallout time H + 3.2 hr. (Sta. No. 0118)

149 - 177 13.7 16,8 0.16 2.0 1.5 11.1 7.6 52.8
125 - 149 14.3 16.8 0.16 1.6 1.6 11.0 8.8 54.3
105 - 125 12.9 15.7 0.16 1.3 1.3 9.4 10.6 51.3

88 - 105 10.6 15.9 0.09 1.3 1.1 8.0 12.5 49.6
44 - 88 13.1 13.5 0.15 1.7 1.5 10.1 8.3 48.4

<44 15.0 15.8 0.15 3.1 2.5 12.1 7.9 56.5

Arc II: 20 mi. from GZ; 8. 8 mi. S of midline; Fallout time H + 3. 6 hr. (Sta. No. 0201)

297 - 350 12.5 17.0 0.15 1.5 1.2 8.7 8.6 49.6
250- 297 12.5 Lost 0.15 1.b 1.3 9.1 8.2 --
210 - 250 12.5 19.0 0.16 1.2 1.3 9.2 8.2 51.6
177 - 210 14.1 18.6 0.15 1.3 1.5 9.5 8.8 54.0
149- 177 11.9 13.0 0.15 1.2 1.3 9.1 9.1 46.8
125 - 149 12.3 12.9 0.15 1.3 1.3 9.4 8.4 45.8S105 - 125 13.1 19.0 0.16 1.7 1.5 11.8 5.4 52.7

88- 105 14.6 23.2 0.17 1.3 1.6 11.9 11.3 64.1
44 - 88 11.7 24.0 0.12 1.2 1.2 9.2 11.7 59.1

<44 14.9 18.8 0.15 2.8 2.4 11.4 8.2 58.6

Arc 11: 40 mi. from GZ; 0.8 mi. E of midline; Fallout time H + 5. 1 hr. (Sta. No. 0314)

44 - 88 13.7 21.7 0.17 1.6 1.6 12.1 9.4 60.2
<44 14.9 19.3 0.16 2.8 2.1 11.7 8.6 59.5

Arc IV: 60 mi. from GZ; 20 mi. E of midline; Fallout time H + 6.7 hr. (Sta. No. 0501)

* 44- 88 13.8 15.1 0.21 1.7 1,5 10.9 7.2 50.5
<44 13.4 14.5 0.16 2.5 2.1 10.9 6.8 50.4

Shot Shasta

Arc V II: 25 mi. from GZ; 17.5 mi. E of midline; F"allout time H 2. 7 hr. (Sta. No, 0401)

* 177- 210 11.3 18,1 NSa 1.2 1.1 8.7 8.6 48.9
149- 177 9.9 17.6 NS 0.8 1.1 8.0 8.8 46.2
125 - 149 9.4 16.5 NS 0.7 0.8 11.5 10.6 49.4
105 - 125 8.3 19.4 NS 0.7 0.5 -- 13.7 --
88 - 105 13.7 15.3 NS 0.9 1.1 9.8 7.1 47.8
44 - 88 14.6 18.1 NS 1.9 1.5 10.5 7.4 53.9

<44 18.0 19.6 NS 3.4 4.2 10.6 7.8 63.4

Arc NS I: 15 mi. from GZ; 1.3 mi. W of midline; Fallout time H + 0.7 hr. (Sta. No. 0701)

250- 297 12.7 17.0 NS 1.1 1.2 9.5 7.6 49.2
210 - 250 13.0 15.1 NS 1.1 1.2 9.6 7.8 47.8
177 - 210 14.3 17.3 NS 0.9 1.5 10.6 9.0 53.6
149- 177 12.6 22.4 NS 0.9 1.2 10.6 9.9 57.6
125- 149 9.1 23.7 NS 0.7 0.7 6.7 10.5 51.3
105- 125 -- 16.5 NS 1.5 1.1 9.2 7.2 --
88- 105 14.5 15.0 NS 1.6 1.1 9.8 9.6 51.6
44 - 88 13.8 15.5 NS 1.9 1.2 10.3 6.2 49.9

<44 13.0 13.5 NS 2.7 1.9 10.2 6.6 47.8
< 5 -- 13.7 NS 2.4 2.5 10.1 6.6 --

Arc NS I: 25 mi. from GZ; 4.0 mi. E of midline; Fallout time H + 1. 6 hr. (Sta, No. 0709)

350 - 500 12.9 14.9 NS 1.2 1.3 8.7 10.3 49.3

297 - 350 8.8 16.9 NS 0.9 1.9 8.4 11'.0 48.0
250 - 297 8.8 14.7 NS 0.9 0.9 8.4 8.0 41.9
210 - 250 12.3 14.5 NS 0.9 0.9 8.4 6.7 43.8
177 - 210 12.9 16.3 NS 1.1 1.1 9.5 7.2 48.1

a 136 137
Notations in this column thioughout the remainder of this Lable are for both Cs and Cs1.
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TABLE D. 1 Radlonuclide Analysis of Fractions from Fallout Debris from Five Shots (contd)

Size Range Radionuclide at D + 30 Days Percent of Total
of Fraction, 140 141 144 136,137 Ru,106 89,90 91 Zr95 Betactivitymicrons B e +C e-Pr144R S Y Z

Pct of Total Bewa Activity

Shot Shasta (contd)

149 - 177 12.9 13.9 NS 1.5 1.2 8.7 6.7 44.9
125 - 149, 12.6 15.5 NS 1.3 1.3 10.9 7.1 48.8
105 - 125 11.5 18.8 NS 0.9 0.1 9.1 7.9 48,4

88 - 105 10.6 18.6 NS 0.9 0.1 8.6 8.8 47.7
44 - 88 11.0 16.9 NS 1.5 0.9 7.4 7.2 44.9

<44 15.9 15.5 NS 3.4 0.1 11.4 7.0 53.3

Arc NS I: 34 mi. from GZ; 3.8 mi. E of midline; Fallout time H + 2.3 hr. (Sta. No. 0715)

210 - 250 -- 22.2 NS 1.3 1.6 8.7 6.7 --
177 - 210 17.6 14.1 NS 0.9 1.6 10.7 7.5 52.4
149 - 177 -- 10.2 NS 0.3 0.8 7.1 4.2 --
125 - 149 16.1 16.5 NS 2.3 1.6 10.1 5.9 52.4
105 - 125 14.3 14.7 NS 1.9 1.5 7.6 7.4 47.4
88- 105 14.3 16.5 NS 1.9 1.6 9.6 6.-3 50.3
44 - 88 ,11.5 17.8 NS 1.2 1.2 8.6 8.3 48.6

<44 14.2 13.0 NS 3.5 2.3 9.4 6.4 48.8
< 5 19.8 6.2 NS 3.5 2.5 9.0 6.0 47.0

Arc NS 1: 42 ml. from GZ; 2.5 mi. E of midline; Fallout time H + 3. 0 hr. (Sta. No. 0720)

350 - 500 14.2 14.6 NS 1.2 1.6 11.5 6.4 49.6
297 - 350 -- -- NS -- 1.6 12.1 7.1 --
250 - 297 -- 13.8 NS 0.4 1.9 8.8 7.9 --

210 - 250 12.1 14.7 NS 0.4 1.7 10.1 8.0 47.0
177 - 210 -- !6.3 NS 0.5 1.2 10.7 6.7 --
149 - 177 15.3 17.0 NS 0.5 1.3 11.3 8.4 53.9
125 - 149 15.9 14.7 NS 1.3 1.5 9.9 6.4 49.8
105 - 125 15.4 15.8 NS 0.5 1.5 9.1 7.4 49.7

88 - 105 14.5 12.5 NS 1.9 1.6 10.2 5.0 45.6
44 - 88 11.9 17.6 NS 1.3 1.2 9.2 7.4 48.6

<44 14.1 14.3 NS 2.8 2.3 11.0 4.8 49.3
< 5 -- 10.7 NS 1.5 3.4 8.7 6.4 --

Arc N I: 35 mi. from GZ; 7.0 ml. W of midline; Fallout time H + 1.4 hr. (Sta. No. 0620)
44 - 88 ... NS -- 1. 1 .. ..

<44N -- 2.3 12.5 6.0 --

Are N1: 32 mi. fromGZ; 1.0 mi W of midline; Fallout time H + 1.7 hr. (Sta. No. 0617)
350 - 500 10.3 17.0 NS 0.8 1. 1 9.8 6.7 45.7
297 - 350 18.2 15.3 NS 0.8 1. 1 8.6 6.8 50.8

250 - 297 -- 17.6 NS 0.5 1.2 8.4 6.7 --

210 - 250 -- 15.7 NS 0.1 1.7 10.3 6.2 --
177 - 210 11.7 14.1 NS 0.9 1.1 8.0 7.5 43.3
149 177 13.4 15.0 NS 0.9 1.2 9.6 6.4 46.6
125 - 149 16.9 15.4 NS 1.2 1.2 9.4 6.2 50.3
105 125 14.9 13.0 NS 1.5 1.3 10.2 5.2 46.1
88 105 10.7 18.6 NS 0.8 1.1 9.6 6.6 47.4
44 88 10.6 17.3 NS 0.7 0.8 7.4 7.6 44.4

<44 13.3 14.5 NS 2.8 1.9 10.3 6.0 48.8

Arc N I: 41 mi. from GZ; 33 mil. E of midline; Fallout time H + 4. 1 hr. (Sta. No. 0505)

<44 16.2 12.3 NS 2.8 4.7 9.4 5.5 50.9

Arc N 11: 47 ml. from GZ; 13.2 ml. W of midline; Fallout time H + 2 hr. (Sta. No. 0806)

<44 -- 16.3 NS 3.4 3.6 11.9 7.1 --
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TABLE D. 1 Radionuclide Analysis of Fractions from Fallout Debris from Five Shots (contd)

Size Range Radionuclide at D + 30 Days Percent of Total
of Fraction, 140 C 4 1  1 4 4  1 36 '1 3 7 Beta Activity

microns _Ce141+Ce_ pr44 Cs13__137 Ru10_ _6 Sr89__0 y91 Zr9 C)

Pct of Total Beta Activity

Shot Shasta (contd)

Are N I1: 44 mi. from GZ; 1. 1 mi. W of midline; Fallout time H + 2. 8 hr. (Sta. No. 0815)

250 - 297 -- 16.9 NS 1.1 1.2 8.0 ....
210 - 250 -- 16.9 NS 1.3 1,9 11.1 7.2 --

177 - 210 -- 15.7 NS 1.7 1.6 9.6 9.0 . --

149 - 177 9.9 13.4 NS 1.2 1.6 9.9 7.5 43.6
125 - 149 14.6 15.1 NS 1.9 1.6 10.5 6.2 49.8
105 - 125 17.3 16.1 NS 1.7 1.5 10.7 6.4 53.7
88 - 105 10.2 10.9 NS 1.3 1.1 7.9 4.3 35.6
44- 88 12.2 16.6 NS 1.3 1.2 10.5 8.3 50.1

< 44 14.5 15.5 NS 3.2 2.1 10.9 6.7 53.2
< 5 -- 15.4 NS 1.3 2.7 10.3 7.2 --

Arc N I11 44 ml. from GZ; 5.5 mi. E of midline; Fallout time H + 3.6 hr. (Sta. No. 0902)

88 - 105 -- 18.6 NS 3.6 3.5 13.0 6.4 .-
44 - 88 13.5 17.0 NS 1.5 1.5 10.1 6.7 50.3

<44 14.6 16.6 NS 2.1 2.5 10.9 6.8 53.6
< 5 -- 16.6 NS 2.5 5.9 10.6 6.7 --

Arc N I1, 45 mi. from GZ; 13 mi. E of midline; Fallout time H + 4.7 hr. (Sta. No. 0910)

88 - 105 18.8 14.1 NS 3.1 2.7 12.1 5.6 56.3
44 - 88 12.6 14.3 NS 1. 3 1.6 8.8 6.0 44.8

< 44 15.8 14.5 NS 2.5 2.5 12.9 6.2 54.4
< 5 .... NS 2.9 6.2 14.5 6.4 --

Arc N I 43 ml. from GZ; 17. 8 mi. E of midline; Fallout time H + 4. 8 hr. (Sta. No. 0915)

88- 105 -- 13.0 NS 1.2 2.9 10.7 7.0 --

44- 88 14.3 16.2 NS 1.2 1.3 9.2 6.6 48.9
< 44 14.1 13.1 NS 2.3 2.8 10.9 5.8 48.9

Arc N I11: 81 mi. from GZ; 4.3 mi. W of midline; Fallout time H + 5.2 hr. (Sta. No. 1001)
44 - 80 -- 18.9 NS 1.6 1.5 9.5 9.4 --

<44 -- 15.4 NS 2.4 2.8 11.4 6.3 --

Shot Smoky

Arc I: 4. 6 ml. from GZ; 4. 7 mot S of midline; Fallout time H + 0. 2 hr. (Sta. No. 0105)

500 -1000 15.1 20.4 NS 0.5 0.9 7,4 ....
350- 500 8.7 26.4 NS 1.2 0.9 7.8 6.8 51.9
297 - 350 8.6 18.8 NS 1.5 0.9 8.3 8.6 46.6
250- 297 7.9 21.6 NS 1.1 0.9 -- 7.9 --

210- 250 9.6 20.1 NS 1.2 1.1 9.8 8.0 49.8
177- 210 8.4 15.1 NS 1.3 0.a 9.5 9.2 44.6
149 - 177 7.5 23.6 NS 1.1 0.9 8.2 8.4 49.7
125- 149 7.1 18.6 NS 0.5 0.8 8.0 8.0 43.1
105 - 125 9.8 20.6 NS 1.6 1.1 9.4 6.8 49.3

88- 105 10.2 24.5 NS 1.6 1.3 11.5 9.1 58.3
44 - 88 11.8 21.7 NS 1.7 1.3 11.4 8.0 56.0

<44 13.9 16.6 NS 2.1 2.4 12.1 5.9 53.1< 5 16.8 21.3 NS 2.7 3.2 13.0 6.7 63.9

Arc II: 25 mi. from GZ; 1.0 mi. S of midline; Fallout time H + 1. 1 hr. (Sta. No. 0201)

500 -1000 8.7 17.3 NS 0.9 1.2 7.0 8.2 43.3
350- 500 10.6 18.8 NS 1.2 1.2 9.8 7.6 49.2
297 - 350 11.3 19.6 NS 1.3 1.3 -- 8.2 --

250- 297 10.3 23.9 NS 1.2 1.2 10.1 6.8 53.5
210 - 250 10.6 21.8 NS 1.2 1.2 9.8 10.2 54.8
177- 210 2.1 23.9 NS 1.5 1.2 9.9 10.9 49.4
149 - 177 10.7 20.1 NS 0.8 1.3 11.1 10.5 54.5

271



7'!

TABLE D. 1 Radionuclide Analysis of Fractions from Fallout Debris from Five Shots (contd)

Size Range Radionuclide at D + 30 Days Percent of Total
1of Fractions, 40 Ce141+ Ce-pr 1 4 4 C136,137 RuI03, 106 Sr 8 9 ' 9 0 y 9 1 Zr 9 5  Beta Activity

microns (a C e-r C u r Y Z

Pct of Total Beta Activity

Shot Smoky (contd)
125- 149 9.8 19.3 NS 1.3 1.2 9.8 10.3 51.6

105 - 125 8.7 19.7 NS 1.2 1.1 9.5 9.0 49.2
88 - 105 11.0 15.8 NS 1.3 1.5 10.5 6.3 46.4
44- 88 11.9 15.0 NS 1.2 1.6 10.7 6.0 46.5

<44 12,9 14.9 NS 1.9 2.7 14.1 5.8 52.1
< 5 -- 18.4 NS 1.3 2.8 11.5 12.2 --

Arc I1I: 48 ml. from GZ; 0.0 ml. from midline; Fallout time H + 3.2 hr. (Sta. No. 0301)
500 -1000 11.4 16.3 NS 1.2 1.6 15.0 7.4 52.9
350 - 500 10.7 19.4 NS 1.9 1.3 10.6 8.0 52.0
297 - 350 9.9 16.6 NS 1.2 1.2 9.5 7,.8 46.2
250 - 297 15.4 22.8 NS 1.9 1.9 13.1 8.2 63.2
210 - 250 11.3 15.5 NS 1.2 1.5 9.5 6.7 46.0
177 - 210 12.5 20.2 NS 1.2 1.3 11.9 7.9 55.1
149 - 177 12.1 20.2 NS 1.5 1.5 11.4 7.9 54.5
125 - 149 11.9 22.5 NS 1.5 1.3 11.0 9. 57.4
105 - 125 10.5 18.8 INS 1.3 1.2 10.7 9.6 52.1

88 - 105 9.2 18.5 NS 1.2 1.1 8.4 8.4 46.9
44- 88 11.5 15.8 Ns 1.3 1.5 10.7 6.0 46.9

.e<44 15.4 17.2 NS 1.7 2.8 12.3 7.4 46.8
< 5 13.3 14.5 NS 1.6 2.9 8.7 6.7 47.7

Arc IV: 65 ml. from GZ; 1. 3 ml. S of midline; Fallout time H + 4. 2 hr. (Sta. No. 0501)

177 - 210 12.3 16.6 NS 1.9 1.6 17.4 6.4 56.3
149 - 177 14.6 17.7 NS 1.1 1.7 14.9 5.6 55.6
125 - 149 13.4 17.7 NS 0.9 1.5 12.7 5.6 51.9
105 - 125 11.7 16.9 NS 1.1 1.3 8.7 8.3 51.9

88 - 105 10.9 18.6 NS 0.9 1.2 9.6 4.3 45.6
44 - 88 10.1 18.1 NS 0.9 1.2 10.6 6.3 47.2

< 44 13.8 17.4 NS 1.9 2.4 15.4 6.7 57.6
< 5 12.5 15.0 NS 1.7 2.8 13.9 6.3 52.3

Arc V: 99 mi. from GZ; 0.5 mi. S of midline; Fallout time H + 4. 6 hr. (Sta. No. 0611)

177 - 210 12.1 -- NS 1.3 2.3 -- 6.6 --
149 - 177 12.9 14.9 NS 3.8 3.6 -- 5.6 --
125 - 149 19.0 17.2 NS 2.4 2.4 14.1 1.6 56.7
105 - 125 15.9 13.5 NS 2.1 2.1 15.3 4.3 53.3

88 - 105 15.5 14.1 NS 1.3 1.7 12.5 5.1 50.3
44 - 88 11.8 18.0 NS 1.1 1.5 9.5 17.9 49.7

<44 14.5 15.8 NS 2.1 2.5 11.5 6.8 53.3
< 5 16.2 14.6 NS 1.6 3.1 -- 6.3 --

Arc VII: 158 mi. from GZ; 0.0 mi. from midline; Fallout time H + 5. 6 hr. (Sta. No. 0816)

210 - 250 10.6 26.5 NS 1.1 2.7 5.9 11.1 57.9
177 - 210 -- -- NS 3.8 2.9 11.7 6.6 --
149 - 177 -- 7.9 NS 8.2 5.1 24.8 6.4 --

125- 149 16.8 18.2 NS 1.2 3.2 21.6 6.3 67.3
105- 125 14.7 21.0 NS 1.6 2.4 5.6 8.0 53.5

88 - 105 12.5 19.6 NS 1.1 3.2 13.4 5.1 54.8
44- 88 13.5 24.9 NS 1.3 1.9 11.3 5.6 58.6

<44 15.5 15.4 NS 2.4 3.2 14.5 5.5 56.5
< 5 20.2 14.9 NS 1.3 3.5 -- 5.9 --
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) ~APPENDIX E4

PERCENT OF BETA ACTIVITY MAGNETICALLY

SEPARATED FROM SEVEN SIZE FRACTIONS (Table E. 1)

SOLUBILITY IN WATER AND ACID OF MAGNETIC AND
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TABLE E. 1 Percent of Beta Activity Magnetically Separated :rom Seven Size Fractions

ND, not determined. NA, no sample available for analysis.

Miles Miles Fallout Size Fraction, microns
Sta. from from Time,
No. GZ Midline H + hr <44 44-88 88-105 105-125 125-149 149-177 177-210

Pct of Antivity

Shot Boltzmann (500 ft Tower, 12 kt)

0120 38.0 6.2 W 2.9 18 ND ND ND ND ND ND
0118 35.9 5.2 W '. 7 ND ND 92 ND ND ND ND
0116 35.6 4.6 W 2.3 ND ND ND 80 ND ND ND
0113 36.3 2.0W 1.6 ND 24 89 95 97 84 63

1. 363 00 14 ND ND ND ND ND 91 ND
".13 35.0 2,3 E 1.6 7 69 52 60 87 63 92U107 34.5 3.2 E 1.7 ? 83 64 47 83 57 95

0101 3 0 9.2 E 4.2 15 ND ND ND ND ND ND

0302 50.4 .1 W 2.5 4 88 78 73 20 29 ND0303 50.0 4.2 W 2.4 12) 85 87 39 82 50 36l'
030', 48. 3 0, 5 W 2.1 ND 30 86 91 82 60 NA
0509 80.8 10.6 W 3.8 Is 85 NA S-A sA NA NA

0505 79.0 3.6 W 3.7 ND 90 68 NA NA NA NA
0502 78.0 3.0 E 3.9 14 87 NA NA NA NA NA

Shot Priscilla (700 ft Balloon, 37 kt)

No significant magtietically separated fractions found in 24 different size fractions analyzed;
<0.2 po t.

Shot Hood (1500 ft Balloon, 74 kt)
No significant magnetically separated fractions found in se,,en <44 micron size fractions
analyzed; <0. I pat.

Shot Diablo (500 ft Tower, 17 kt)

0119 15.3 6.3 N 3.1 4 58 91 87 Samples NAfor
0202 2n. 3 10.0 S 3.5 7 88 80 NA >125 micron fractions
0312 40.4 3.9 N 5.1 9 76 NA NA for Shot Diablo
0502 5.1W 21.5 S 6.7 18 71 NA NA

Shot Shasta (500 ft Tower, 17 kt)
0306 10.7 9,0 E 1.2 10 67 ND NL NA NA NAI
('304 23.6 17.0 E a, 5 NA NA NA NA NA NA

0405 29.0 19,0 E 3.1 23 83 57 NA NA NA NA
0408 18.5 18.5 0 1.6 6 NA NA NA NA NA NA
0620 34.5 7.0 W 1.4 47 60 NA NA NA NA NA
061ý 32.1 2.9 W 1.5 3 88 77 62 NA NA NA
C617 32.3 1.0 W 1.7 18 97 74 37 39 45 43

* 0616 31.5 1.0 E 1.8 17 64 54 38 NA NA NA -j
0612 31.1 8.0 E 2.4 2 31 10 22 NA NA
0610 32.5 10.4 E 2.9 7 68 41 32 'Al NA NA
0606 34.3 17.0 V 3.6 16 52 14 NA NA NA NA
0511 37.3 2.). 3 E 3.9 3 NA NA NA NA NA NA

0801 51. 3 1a 8 W 1. F 8 71 NA NA NA NA NA
0806 5•.5 10, 5 W 2.2 19 71 NA NA NA NA NA
0814 43.8 3.8 W 2.7 9 82 26 NA NA NA NA
0815 43,6 1.1 W 2.8 5 76 NA NA NA NA NA

0816 43.5 0.0 2.9 6 78 52 55 NA NA NA
0902 43.9 5.5 E 3.6 7 53 NA NA NA NA NA
0907 44.3 10.3 E 4.3 78 58 NA NA NA NA NA
0908 44.9 11.1 E 4.5 4 64 NA NA NA NA NA
0909 45.1 12.1 E 4.7 42 66 NA NA NA NA NA
0915 43.4 17.8 E 4.8 12 42 1 NA NA NA NA

Shot Smoky (700 ft Tower, 44 kt)

See Table E. 2 for results.
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TABLE E. 2 Solubility in Water and Acid of Magnetic and Nonmagnetic Fractions From Fallout Material

Acid used, 0. 1 N HC1, see Appendix A for procedure. ND, not determined. NS, not significant

(-r 0.1 pct).

Miles Miles Fallout Pct Solubility
Sta. from from Time, Size Range, Magnetic - Maunetic Nonmgnetic
No. UZ Midline H + hr microns Fraction H 2 0 HCI Total H M;TEII

Pe~t hf hetf ac'tivity
Shot Boltzrnann (500 ft Tower, 12 kt)

0120 38.0 6.2 W 2.9 < 44 17.9 0.9 39.9 40.8 ND ND --
0118 35.9 5.2 W 2.7 88-105 92.0 0.3 5.7 6.0 ND ND -

0113 36.3 2.0 W 1.6 125-149 97.0 0.3 4,7 5.0 ND ND --
0111 36.3 0.0 1.4 149-177 91.0 0.3 4.7 5.0 ND ND --
0107 34.5 3.2 E 1.7 177-210 95.4 0.2 3.6 3.8 ND ND --
0302 50.4 5.1 W 2.5 105-125 73.0 0.8 4.2 5.0 ND ND --

88-105 78.0 0.6 15.4 16,0 ND ND --
44- 88 88.0 1.7 6.7 8,4 ND ND --

< 44 3.7 1,4 28.0 29.4 ND ND --
0•07 48.3 0.5 W 2.1 125-149 81.9 0.4 4.8 5.2 ND ND --

0505 79.0 3.6W 3.7 88-105 68.3 0.9 4.6 5.5 ND ND --

44- 88 90.4 0.3 6.2 6.5 ND ND --

Shot Priscilla (700 ft Balloon, 37 kt)

0115 18.4 1.9 N 2.4 350-500 NS ... .. .. 30,6 59.7 90.3
297-350 NS .. .. .. 32.0 54.0 86.0
250-297 NS .. .. .. 11.7 48.7 60.4
210-250 NS .. .. .. 16.9 59.0 75.9

0115 18.4 1.9 N 2.4 177-210 NS .. .. .. 14.0 49.4 63.4
149-177 NS .. .. .. 11.5 62.0 63.5
125-149 NS .. .. .. 11.6 52.0 63.6
105-125 NS .. .. .. 11.6 54.2 65.8

88-105 NS .. .. .. 10.5 57.1 67.6
44- 88 NS .. .. .. 18.5 52.6 71.1

< 44 NS .. .. .. 13.2 53.9 67.1

0216 55.5 1.0N 3.9 12b-149 NS .. .. .. 18.9 49.9 68.8
105-125 NS .. .. .. 15.2 54.0 69.2

88-105 NS .. .. .. 15.1 49.4 64.5
44- 88 NS .. .. .. 20.2 32.9 53.1

< 44 NS .. .. .. 12.5 46.9 59.4

0710 69.3 0.4N 5.0 88-105 NS .. .. .. 13.0 53.8 66.8
44- 88 NS .. .. .. 11.5 48.8 60.3

1002 126 1.1 S 7.1 44- 88 NS .. .. .. 18.2 48.3 66.5
< 44 NS .. .. .. 12.6 50.4 63.0

0409 152 1.1 S 8.6 44- 88 NS -- -- -- 14.4 57.6 72.0
< 44 NS -- -- -- 8.5 52.8 61.3

0510 188 0.0 9.5 44- 88 NS -- -- -- 16.7 55.5 72.2
< 44 NS -- -- -- 9.8 51.3 61.1

Shot Hood.(1500 ft Balloon, 74 kt)

0116 15.5 2.5 S 1,0 < 44 NS .. .. .. 11.4 47.3 58.7
0220 36.3 0.0 2.1 < 44 NS .. .. .. 12.6 16.8 29.4
0307 71.0 0.0 4.1 < 44 NS .. .. .- 13.4 44.0 57.4
0408 110 7.5N 6.6 < 44 NS .. .. .- 17.2 51.3 68.5

0520 123 0. BN 8.3 < 44 NB .. .. .. 14.9 47.0 61.9
0611 159 1.5 S 8.9 < 44 NS .. .. .. 16.1 44.9 61.0
0801 258 2.5 S 12.4 < 44 NS .. .. .. 14.1 49.1 63.2

Shot Diablo (500 ft Tower, 17 kt)

0119 15.3 6.3 N 3.1 105-125 86.8 0.2 2.3 2.5 0.3 6.7 7.0
88-105 91.4 0.2 2.3 2.5 2.5 2.1 4.6
44- 88 55.1 0.3 6.7 7.0 6.2 46.7 52.9

< 44 3.8 0.4 0.3 0.7 2,6 7.4 10.0
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TABLE E. 2 (contd)

Miles Miles Fallout Pct Solubility
Sta. from from Time, Size Range, Magnetic Magnetic N onmagnetic
No. GZ Midline H + hr microns Fraction -20 HC1- Total H2 0 HC1 Total

Pct of beta activity

Shot Diablo (500 ft Tower, 17 kt) (contd)
0202 20.3 10.OS 3.5 88-105 79.5 0.1 3.5 3.6 0. 8 5.3 6.1

44- 88 87.6 0.2 3.2 3.4 1.7 10.8 12.5< 44 6.7 0.4 5.4 5.8 1. 3 13.9 15.2

0312 40.0 3.9 5.1 < 44 8.6 0.7 7.7 8.4 1.6 11.8 13.40502 58.9 2J.5 S 6.7 44- 88 70.0 0.3 8.1 8.4 1.0 8.4 9.44< 44 17.9 0.6 6.7 7.3 1.3 21.3 22.6

Shot Shasta (500 ft Tower, 17 kt)

0405 29.0 12.0 E 3.1 88-105 57.4 0.1 5.4 5.5 2.4 24.6 27.0
44- 88 82.8 0.1 4.1 4.2 0.6 7.5 8.1

< 44 22.8 0.1 5.2 5.3 2.0 18.3 20.3
0408 18.5 18.5 E 1.6 < 44 6.0 0.0 0.9 0.9 0.4 20.6 21.9
0617 32.3 1.0W 1.7 177-210 43.4 0.0 1.6 1.6 0.4 5,2 5.6

149-177 45.4 0.1 2.5 2.6 0.4 6.8 7.2
125-149 39.0 0.2 3.1 3.3 0.5 6.6 7.1105-125 37.4 0.0 2.4 2.4 0. 3 5.2 5.5
88-105 73.7 0.1 3. 3 3.4 0. 3 5.2 5.5
44- 88 97.2 0.1 3. 8 3.9 o.4 7.4 7.8

Shot Smoky (700 ft Tower, 44 kt)

0107 6.3 4.7 S 0.4 210-250 77.2 0.1 20.3 20.4 1.3 58.5 57.8
177-210 69.0 0.2 2.5 2.7 0.5 12.1 19.6
140-177 85.3 0,1 19.4 12.5 0.4 21.3 21.7

0203 27.9 3.2S 1.3 125-140 82.0 0.4 24.5 24.9 1.8 23.3 24.8
105-125 90.4 0.2 17.2 17.4 1.0 28.6 29.6

88-105 84.2 U.2 19.0 19.2 1. 8 27.1 28,9
44- 88 80.2 U.3 21.9 22.2 3.9 52.7 56.8

< 44 24.0 0.9 24.9 25.8 1. 6 29.7 31.3 -

0401 73.3 16.0 S 6.0 44- 88 70.5 0.2 23.7 23.9 3.5 39.3 42.8
< 44 47.5 0.8 26.0 27.7 3.3 37.0 4U.3

0405 72.9 22.5 S 7.0 44, 88 54.1 1.6 22.6 24.2 4.1 45.3 49.4
< 44 56.7 0.7 29.4 30.1 3.5 39.3 42.8

0410 77.5 30.2 S 8.5 < 44 47.8 1.0 32.3 33.3 3.0 38.0 41.0
0620 92.2 12.5 N 3.9 44- 88 85.7 0.3 27.5 27.8 2.6 42.3 44.9

< 44 43.2 1.1 32.1 33.2 2.1 43.6 45.7

0616 96,8 8.UN 4.2 105-125 71.8 0.4 31.3 11.7 4.8 63.3 68.1
88-105 90.7 0.2 13.8 14.0 2.7 27.5 30.2
44- 88 87.5 0.2 20.5 20.7 2.2 36.9 30.1

< 44 q3.2 1.1 25.0 26.1 2.3 37.2 39.5
0602 100 13.2 S 5.8 44- 88 70.5 0.5 18.9 19.4 0.3 14.3 14.6

< 44 40.5 0.5 46.5 47.0 3.4 46.5 49.9
0905 !41 13.5 S 8.5 44- 88 54.2 0.3 33.2 33.5 3.3 25.1 28.4

< 44 48.8 0.3 28.8 29.1 1.7 38.4 40.1

0919 142 25.9S 10.5 44- 88 24.7 0.3 37. 3 37.6 3.4 35.2 38.6
< 44 45.1 1.1 32.7 33.8 2.1 39.4 41.5

0805 147 11.1 S 7.5 44- 88 57.1 0.3 24.7 25.0 2.3 39.2 41.5
< 44 44.1 27.4 19.1 46.5 0.8 33.4 34.2
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INTRODUCT ION

The objective of this report is to provide a ready reference of
fallout patterns and related test data foi those engaged in the anal-
ysis of fallout effects.

This compilation was extracted from DASA 1251 "Local Fallout from
Nuclear Test Detonations " (U) Vol. 2 "Compilation of Fallout Patterns
and Related T'est Data" (U) Parts I through 3. DASA 1251 Vol. 2 was the
work of Manfred Morgenthau, Harvy Meieran, Richard Showers, Jeffrey
MorsE, Norman Dombeck, and Arnoldo Garcia of the U.S. Army Nuclear
Defense Laboratory under Defense Atomic Support Agency (now Defense
Nuclear Agency) sponsorship.

Although local (early) fallout is emphasized, the data presented
will be useful to those studying world-wide (delayed) fallout as well.
In this report local fallout is defined as all fallout which consists
after the detonation. World-wide or delayed fallout is defined as

fallout which consists of very small particles which descend very
slowly over large areas uf the earth's surface.

Data resulting from each U.S. detonation are presented chronolog-
ically. For each detonation, the basic information useful for an
interpretation of the fallout data is tabulated first. This is followed
by both on-site and off-site fallout patterns where available. A graph
of the growth-rate of the cloud and stem is presented next. Wind speed
and direction are than tabulated as a function of altitude, and hodo- 1
graphs are drawn from these data. I
EXPLANATION COMMENTS ON DATA PRESENTED

Fallout Patterns

One or more fallout patterns are given for each event, except for
those shots for which no sigificant residual radiation was observed
downwind of GZ or for which no patterns were found in the literature.
In the remarks included on the basic data sheet for each shot, the
individual fallout patterns are discussed briefly; some comments are
made for those shots for which no paaterns were available. The dose-
rate contours for the fallout patterns have been drawn to show the i
gamma dose rate in roentgens per hour, three feet above the ground, in
terms of the one hour after burst reference time. The t-1'2approximation
was used when no actual decay data was available to adjust radiation
measurements to the one hour reference time. It is important to recog-
nize the 11+1 hour is used as a reference tim~e, and that only the con-
tours from low yield weapons are complete at one hour atter burst.
"For high yield weapons, fallout over some parts of the vast areas

2
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shown does not commence until wany h>:.rs after the burst. The time
of arrival of fallout is indicated on some of the fallout patterns by
"dot-dash" lines. The time lines are intenaod to give only a rough
average arrival time in hours as estimated from the wind reports and
the available monitoring information.

Induced Activity Patterns

The contamination resulting from low air bursts is due primarily
to the activity induced by neutrons which are captured by certain ele-
ments in the soil, notably sodium, manganese and aluninum. The re-
sulting radiation field is circular and covers a limited area about
ground zero. Weather conditions have very little influence on the
location or shape of the induced radiation pattern. However, increas-
ing the moisture content in soils can increase the induced activity
levels. The rate of decay of the induced radiation field is different
from the decay of fission products and dependa on the composition of
the soil over which the weapon was detonated. For Nevada soil, the
sodium and manganese composition generally varies by a factor of 1.4
to 2 and the aluminum composition varies by a factor of 3 to 7 within
and between test areas. For most induced activity patterns in this
report, a general neutron-induced decay curve for Nevada soil was used
to extrapolate the observed dose rates back to 11+1 hour. For a few in-
duced activity patterns, NaZ4 decay is used to extrapolate the observed
dose rates to 11+1 hour. This decay rate is not strictly applicable but
it closely approximates the observed decay.

Wind Data

The tables of wind data give surface and upper air winds for
heights up to at least the top of the nuclear cloud, These data are
presented for times as ciose to shot time as possible and for several
times after shot. [)irections are in degrees from which the wind is
blowing, and are measured clockwise from North. Velocities are in
statute miles per hour. The height of the tropopause at shot time is
giver when available. Although the meteorological data were taken in
close proximity to ground zero, they do not necessarily represent the
wind field downwind from ground zero in space and time.

The hodographs are ,rawn for a constant balloon rise rate of
5,000 ft/hr and are pres,inted for illustrative purposes only. The

' Ifall rates of particles vary considerably with altitude; therefore,
errors will result from the use of a constant fall-rate hodograph for
fallout prediction. In general, particles in higher altitude levels
fall faster and the percentage change in the falling rate is greater
for larger particles. The numbers on the hodographs represent alti-
tudes in thousands of feet. The associated points represent the loca-

* -tions on the surface where particles having a constant fall-rate of
5,000 ft/hr would land if they originated over GZ at the altitudes
shown. The letter S on the hodographs stands for "Surface" and the
number next to it in parenthesis (for the Nevada shots) i3 the site
elevation of ground zero in feet above MSL.
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OPERATION CROSSROADS - Able

PPG time GMT Sponsor: IASL and DOD
DIATE: 1 Jul 1946 30 June 1946
TIM-•: 0900 2200 SITE: PPG - Bikini

-. 110 37' 10" N
1650 29' 28" E

Site elevation: Sea level
TOTAL YIELD: 23 kt

HEIGT OF BURST: 520 ft

TYPE OF BURST AND PLA0FMENT:
Air burst over water

FIREBALL DATA:
Time to ist minimum: NM CLOUD TO9P HEIGHT: 40,000 ft MSL
Time to 2nd maximum: NM1
' adius at 2nd maximum: 576 ft CLOUD 2'T0M 1{1101IT: Not available

MCATliM DATA: No crater

RFvA1RKS:

The residual radioactivity on target ve;.;c½ wao low. On D+l day,
radioactivib ies greater than 0. 12 per ;?4 hours were found on only 13
vessels. Thu rl~idual radioactivity in the waitcr after H-hour wau
negligible.
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Figure 2 Cloud Dlimensions: Operation CROSSROAIjb Able.
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TABLE 1 BIKINI WIND DATA FOR OPERATION CROSSROADS, ABLE

Altitude H-hour H+5 hours H4M hours
(MSL) Dir Speed Dir Speed Dir Speed
feet degrees mph degrees mph degrees mph

Stu-face (ooo) (09) 045 09 070 08

2,000 130 15 ... ..... .

4,000 130 16 30 16 120 14
5,000 (130) (16) (130) (15) (120) (14)
6,000 140 17 130 14 120 15
8,000 120 13 120 14 020 16

K 2.0,00 (120) (19) 130 17 120 16
F12,000 120 08 110 16 130 17

14,000 100 10 110 10 070 53
15,000 100 08 OPO 06 040 06
20,000 330 05 150 17 170 09
25,000 180 09 280 02 230 07
30,000 340 07 31.30 05 310 05
35,000 340 02 080 06 Calm Calm
40,000 070 09 360 25 350 28
45,000 030 30 330 31 320 32

NOTES:
1. Numbers in parentheses are estimated values.

2. Surface wind data uas obtained on Bikini; upper wind data was
obtained on board the Mt. McKinley.

3. Tropopause height was 54,000 to 60,000 feet (exact height is
uncertain).

4. At H-hour the surface air pressure was 14.68 psi, the temperature
2 7 .2°C and the dew point 23.40c.

7
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OPERMATION CROSSROADS Baker

PPG time GMT Sponsor: IASI and DDD
DA TE: 25 Jul 19o no A nd 1946
TIME: 0835 2135 SITE: PPG - Bikini - Near How

11O 37' 10" N
1' 165" 29' 28" E

Site elevation: Sea level
TOTAL YIELD: 23 kt

HEIGHT OF BURST: -90 ft

TYPE OF BUIMT AND PIACEYMBT:
Underwater - cable-supported

FIREBALL DATA: 90 ft above lagoon floor.
Time to 1st minimum: NM Lagoon was 180 ft deep.
Time to 2nd maximum: NM
Radius at 2nd maximum: NM CLOUD TOP HEIGHT: 7,600 ft •ISL

CRATER DATA:
Diameter: 3,300 ft maximum !

1,800 ft mini.muin
Depth: 25 ft

RF14ARKS:

The contamination pattern is unreliable. The dose-rate readings
used for the pattern were obtained from the total dose measured by
film badges collected between D+l0 days and D+15 days. The radioactivity
on the target vessels diminished At its greatest;
extent the base surge extended about 2,000 yd upwind, 3,000 yd crosswind
and 4,COO yd downwind. "The contamination resulted from fallout or
radioactive rain from the mushroom head reinforced somewhat by coodennotion
of the base surge. Ideally there should have been an annular infinitivk-
dose pattern as a result of fallout from the outer edges of the muqh3iooni
head. This ideal pattern was changed because of the intermittent beý-
havior of the rain-out and because of the varying ability of the different
target ships to retain the fallout activity."
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Figure 4. Operation CROSSROADS - Baker. On-site
dose rate contours in r/hr at H+1 hour.
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TABLE 2 BIKINI WIND DATA FOR OPERATION CROSSROADS- BAKER

Altitude H-hour Altitude H-hour
_MSL) Direction Speed (MSL) Direction Speed
feet degrees mph feet degrees mph

Surface 200 03 14,000 080 09
2,000 160 12 15,000 080 09
4,000 160 I2 16,o00 080 13
6,000 150 09 20,000 110 09
8,oo0 150 08 25,000 050 12

10,000 120 09 30,000 040 20
12,000 110 14 35,000 060 32

NOTES:
1. Surface wind data was obtained at H+I hour on Bikini;

upper wind data was obtained on board the "Fall River."
2. Tropopause height was 54,OOO to 60,000 feet (exact height

is uncertain).
3. At H-hour the surface air pressure was 14.68 psi, the

temperature 28.90C and the dew point 25.O00.
II
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Figure 6. Hodographs for Operation CROSSROADS - Baker
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OPERATION SANDSTONE - X-Ray

PPG Time CGr Sponsor: IASL
DXTE: 15 Apr 19)iB 14 Apr 19•48
TIME.: o617 1817 SITE: PPG - Eniweto1• - Janet

110 40' N
16P2" 111' 37" E

Site elevation: Sea level
TOTAL YIELD: 37 kt

HFMG11T OF BUIST: 200 ft

TYPE OF BULMST AND PLACF.MEIN':
Tower burst over coral soil

FIREBALL ]MTA:
Time to ist minimum: NM CLOUD TOP IHIEG1E: 56,000 ft MSi-
"Time to 2nd maximum: NM CLOUD BOT1.TOM I MIGHT: 25,000 ft MSLRadius at 2nd maximum: XMW

CRATER• DATA:. Not available

MARK S:

No fallout pattern available. Radioactive oampleb were taken from
Ground Zero and showed a decay Also much
activity due to Fa2 was observed. Cloud reached the tropopause
in 12 mirinui-s.
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STABLE 3 ENIWVX0K WIND DATA FOR OPERATION SANISTONE - X-RAY

Altitude 11-hour 11+2 huura 11+3 hours
(MSL)_ Dir Speed Dir Speed Dir Spe
feet degreecs mph degrees mph degrees mph

Surface 090 10 090 12 070 16
S, 000 ---.- 100 15 070 23
4,00ooo -. 100 090 23
5,0000 oo 10 (0oo) (12) (095) (24)
6,ooo ... 090 12 100 25
8,000 --.-- 11.0 21 090 23
10,000 130 14 130 15 080 16
12,00oo .--- 120 13 080 12
14,oo0 --- . 140 09 070 09
15,ooo 150 09 (140) (09) (o07) (o8)
16,ooo ... - 140 10 080 07
18,000 - 14o 09 36o 07
20,000 160 09 140 02 210 02
25,000 230 12 220 12 120 09
30,000 240 14 210 15 ...
35,000 220 23 210 21 ---
4o,ooo 220 15 220 21 ...
45,ooo 220 34 22 0 37 ...
50,000 230 23 230 21 ---.. '1
55oo00 220 14 ... .. ....

NOTES:
1. Numbers in parenthcuee fire estimat-ed values.
2. Tropopause heigh% "as 55,000 ft MSL at H-hour.
3. The H-hour wind data was estimated by the USAF weather station

on Eniwetok Island. The H+2 and 11+3 hour winds were measured.
4. At H-hour the sea level pressure was 1190 rob, temperature 75OFp

and the dew point 712F.
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OPERATION SAUN]TONE - Yoke

PPG time GMT
DATE: 1 uiy t•9'5 30 Apr 19148 Sponsor: LASL
TIM-: 0609 1809

SITE: PPO - Eniwetok - Sally
110 37' 110" N

1620 19' 27" H
TOTAL YIbET1,D: 49 kt 1)ite elevation: Sea level

IHWIGHT OF BMUST: 200 ft

TYPE, OF BU1MST AMl) PLACME,"I':
FIREBALL DATA: Tower burst over coral soil

Time to lut minimum: NM
Time to 2nd maximum: NM CIOUD TOP ])DOi01: 56,000 ft MSL
Radius to 2nd maximumr: NM CLOUD BO1I3VM HElIGIO : 35,000 ft MSL

CHATP1 DATA: Not available

No fallout pattern available. Cloud reiched tropopauue in 12
minutes. Yoke rain-out was observed on Kwajalein at I1+36 liouru;
rain fell for 10 hours and the maximum activity observed wuu 6 to
10 mr/hr.

1
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"Figure 10. Cloud Dimensions: Operation SANDSTONE- Yoke.
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TABLE 4 ENIWM1OK WIND DATA FOR OPEMTION SANDSTONE - YKE

Altitude H-hour 11+3 hours
,(MSL) Dir Speed Dir Speed
feet degrees mph degrees mph

Surface 080 16 070 15
2,000 --- . 070 21
4,0ooo .... 090 12
5,000 090 14 170 07
6,oo0 --- -- 180 08

10,000 160 12 150 39
1l4, 000---.. 080 41
15,ooo 09o 07 09o 29
16,000 ..... I00 28
20,000 220 .2. 170 42

25,000 210 16 250 70
30,000 210 24 2(70 47
35,000 220 48 .....
40,000 210 57 ---
45,ooo 210 54 .....
50,000 200 49 .... ,
55,000 200 40 .....

NOTES:
1. Tropopause height was estimated to be 56,000 ft MSL at 11-hour.
2. The H-hour wind data was estimated by the USAF weather station

on Eniwetok Island. The H+3 hour winds were measured.
3. At H-hour the sea level pressure was 1050 mb, the tvnperature

790 F, and the dewpoint 72°F.

20
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OPERATION SANDSTONE - Zebra

PPG time GMT Sponsor: LASL
roTE: 15 May 19118 14 May 1948

TI"-K: o6o4 1804 SITE: PPG - Eniwetok - Yvonne
110 33' 15" N

1620 21' 24" E
Site elevation: Sea level

TOTAL YIELD: 18 kt
HEIGHT OF BURST: 200 ft

TYPE OF BURSPT AND PLACU4IT:
Tower burst over coral soil

FIREBALL DATA:
Time to 1st minimum: NM CLOUD TOP HEIGMV: 28,400 ft MSL
Time to 2nd maximum: NM CLOUD BOXTOM HFEGIIT: 20,000 ft MSL
Radius at 2nd maximum: NM.

CRATER DATA: Not available

REMARKS:

No fallout pattern available.

i
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TABLE S ENIWETOK WIND IATA FOR OPI-MATION SANDSTONE- ZEBRA

Altitude if-hour 11+2 hours 1-3 hours
(MSL) Dir Speed Dir Speed Dir Speed
feet degrees mph degree.s mph degrees mph

Surface 080 10 100 09 Ce3 09
2,000 100 17 110 16 100 17
5,000 130 13 110 15 110 14

10,000 220 13 190 12 220 14
15,000 270 14 240 07 240 08
20,000 24o 21 250 20 260 24
25,000 250 31 260 29 250 36
30,000 270 50 260 45 270 44
35,000 280 50 260 46 290 44
40,000 270 83 290 48 290 56
45,000 270 40 280 48 270 55

NOTES:
1, Tropopause height was 54,000 feet KSL at H-hour.
2. The 11-wind data was estimated by the USAF weather station

on Fniwetok Island. The 11+2 and H+3 hour winds were measured.
3. At h-hour the sea level pressure was 810 mb, the temperature

81 0 F, and the dew point 74"PF.

9 &A
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OPERATION GREENHOUSE -Dog

PPG tirme. GMT Sponsor: LASL
DATE: 8 Apr 1953. 7 Apr 1971
TIME,: 0634 1834 SITE: PPG - Eniwetok - Yvonne

110 33' 21" N
l.620 21' 16" E

Site elevation: Sea level

HEIGHTI' OF BOU1ST: 300 ft

TYPE OF BURST AND PIACIM•41NT:
Tower burst. over coral soil

CLOUD TOP 11EIGHT: 56,000 ft MSL
CLOUD BOIqrOM IU'IGI0T: 33,000 ft MSL

RINR,",IK• :

The dose-rate readings were corrected to H+1 hour by applying the
t-1'2 law to measurements made by the Radiological Safety organi-
zation. Measurements on Yvorme were made at ii+8- hours. Many of'
the measurementv were obt-iiid from a helicopter flying at an altitude
of 10 to 20 f.'.t above thte ground. These readings may th rel'ore be
lcw by as nIuch as 20 to 50 purcent. The wind ohear at about 20.000
feet accounts for the higher dose rates on the southeastern part of
the atoll, as conpared to the southern end of the shot island.

27
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TABIL.E 6 EUIWLiOK WIND DATA MIR OPEATION •UIiOUOE -DOG

Altitude Hl-hour 7hJotri.s
(K"',I,) W ) r 01l)e10d DI r Sp)eed

Vect degrvoCu mph degren Mph,

Surface 070 22 040 21
4,000 080 33.....

0,ooo (o8o) (30) 0x 24
6,ooo 080 6

10,$000 080 22 100 25
14,000 070 21 070 25
15,000 (yO) (2") (040) (25)
16,000 070 29 07.0 214
20,000 030 22 050 22
25,000 300 12 34o 17
30', 000 1.80 31 290 29
35),00o 230 P9 P30 29
4o,ooo 220 33 230 37
45,0oo 280 26 25o0 31
50,000 310 22 330 29
55,000 340 31 360 30
6o,ooo 030 33 .....

NOTEI :
I. Numberu in parenthuLieu are .tinimato vluuou.
2. Tropopauau height wuni 55,000 i't MKL •at I-huur.
3. At Il-hour at a prestiure of 1000 mb the temperature

wac 250 C and the dew point 22 0 C.

t 3114% >6
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OPERATION GREENIOUSE - Easy

PPG time G0T2 Sponsor: IASTj
DATE: 21 Apr 1951 20 Apr 1951
TIME: 0627 1827 SITE: PPO - Eniwetok - Janet

"110 i4o' 08" N
1620 W.' 2'5" 8

Site clevation: Sea level
TOTAL1 YIPID: 47 kt

HEIOIUr OF B3UR)T: 300 ft

TYPE OF BLUiBLT ANI) 1IACIl¶IENT:
Tower burst ovor corul coil

FIREBALL IDATA:
Time to lut minimum: 19 to 29.5 muoc
Time to 2nd maiximum: 200 to 230 msec
1Mdiuu at 2nd maximum: NM

CLOUD 'OP 11[•'Glr: -l,oOO0 ft MSI,
CLOUD IOTTIM IWI]GI[T: 30,000 Vt KOI,

CRATERI DATA: D)iameter: 836 ft
Depth: 2-4 ft

I
RINAINtP : t

The fallout readings on the shot island were obtained by the
Radiological Safety organization at IJ4;?8 hours and corrected to
H+1 hours, using the t-1'2 decay appr-ximnttLon. Dove rates
shown for other islands are based upon daily surveys made to
determine field decay rates. Readings were made 1 meter above
the ground with gamma ionization 01h;1wnbers. The values shown
were corrected to 11+1 hour by extrapolating from the experimental
decay curves. There was a wind shear at about 15,000 feet.
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TYABLE 7 ENIM.-TIK WIND I2ATA FORl OPE1WAýON GRE0~Z-1HOSE -l.

A It itud~ v i3 hor~ 11-hour ýI ý fol~ 110"A or S
(ML2 DiDir S ed eed Dir Sped~~ y ~~ed

C.feet degiveer my? h degreeo 'rih dcý.rees riýýh id*ýgr-es Mph

4urrace 050 1,' on 16 070 V'( 070 2

5,000 100 09 080 1 07', 16 090 06
10,0000 070 08e 0() o6 jOC o' LO 1.4
3.4,coo 210 03 --- 22(0 cy 2110 07
15,000 ~ *- - 240 o6 (23ON 0o'.T (230) (08)
'-6,000 280 07 1-: 2S 0 60 10

*20,0100 310 03 32-0 u4 360 C. Calmi Cnilm
;25ý000 320 1,3 350 13 300 0ý8 310 2~
30,000 260 "0 270 28 2'10 15 2(0 1
35,00 27 28 28') S1 2(3(, 35 270r 46
140,000 P~o 3 280 37 280 4 21(0 W0
145 ,iCO 260 35 270 3 26o 3 24o 28 I
50,000 270 2Lý ;ý6o 32 2 6 30 250 30

.51O L5 3523 340 12 230 06
60,100( 33(0 15 DO0 J5 -- ---

I... Numbiers it', pavizthesus arv ottirntted valuN,,.
2- I{-hour variAe8 w.cm- re i--rtniw~d by i'!t.?xrpola- ingr otweezi tile 11-32:

and 114 tiolir k -as~.
3. T:-opopwi~se height wa; l':3,00cc) -:t AvSL a-; 11-!our.
4. A~t H-liour at a lresEsure of J..;iJC mb 'k'he temni.erata.re was 250C and

the~ dew. point 'eLOC.
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OPERATION GREENHOUSE - George
Sponsor: IASL

PPG time GMT SITE: PPG - Eniwetok - Ruby
DATE: 9 May 1951 8 May 1.951 110 37' 37" N
TIME: 0930 2130 1620 18' 53" E

Site elevation: Sea level

HEIGHZ OF BURST: 200 ft

TYPE OF BURST AND PTACEMENT:
Tower burst over coral soil

CLOUD TOP HEIGHT: 56,000 ft MSL
CLOUD BOMI1M hIIGýTq: 41,000 ft MSL

RHAAWS:
The survey readings on the shot island were obtained at H+24 hours

and extrapolated to H+l hour . the t- 12 decay approximation. Since
the winds were from the west-southwest throughout their entire struc-
ture, no radiation reading higher than twice background was observed on
islands beyond 2,000 yards from ground zero.
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Figure 23. Operation GREENHOUSE - George. On-site dose
rate contours in r/hr at H+l hour.
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TABLE 8 ENIWMTOK WIND DATA 'FOR OPEATION (RENlIOUSE- GEO RGE

"Altitude 1-hour 116 'hourn H+12 hour'(MSL_) Dir ý1,ecd Dir Speed Dir . .. ed -

feat degruou mph dugroeu mph dogreou mph

Surface P.40 14 260 16 130 12
4,ooo 260 35 .....
5,0r0 (250) (32) 26o 25 15
6,oo0 250 31 .... ....

10,000 250 48 270 31 ,•' > 66
14,0ooo -- 260 30 270 41
15,)000 6o 26 (260) (31) (260) 40o)
16,000 .. 260 32 260 39
20),000 230 23 220 32 26o 03
2'5,000 190 25 200 23 240 37
30,O00 230 24 180 2O 180 33
35,000 270 20 160 18 16o 31
40,000 290 18 200 13 160 26
45,ooo 170 03 0o0 0o7 170 16

50,000 310 15 --- 030 41
55,000 020 12 ... ..

NOTES:
1. Numbero in parentheaes are estimated valt.,o.
2. Tropopausc hight wau 55,000 ft MOL at H-hour.
3. At H..hour at, a preusure of 1,000 mb the temperature wus

270 C and the dew point '230C.
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CPWATION GRE1WrnIOUSkJ Item

T PPO Time am Sponoor: LMAL
-AI~ 25 May 1951 24 May 951.

TMI._: 0627 181,7 SITE: PPO - Eniwetok - Janet
IV 4o' 23" N

1620 Il' 55" E:
Site elevation: Soa level

)NIXGi)ir OF 13UK1&: 200 f't

TYPE OF B3UflfT AND ,'1,AC'I-X1N:

Tower burst uovr curul2 uoil

C.. O1l TOP INIGIIT: O,0O00 Vt MOL
UCAMUD 17 '-1 M I•UGfl1r: NM

i
/ I

The rurvey readingsu of the shot luland, Janet, were obtsined by the
Radiological Gafety Or'ganization at I[+24 and I+'(2 hours and extrapolated
to )1+1 hour by the t 2 '1 decay approximation. Most readings were
obtained frcm a helicopter flying at an altitude of 10 to 20 feet' and
the oboorvationu were conuidered reprenentative of readinga 3 feet
above ground. Ouch revdirign may be low by 20 tc 50 percent.
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TABLE 9 ENIWETOK WIND DATA FOR OPERATION GREEhNIHOUSE- ITEM

Altitude 1l-hour H+27- hours H+b!- hours
(MSL) Dir Speed Dir Speed Dir Speed
feet degrees mph degrees mph degrees mph

Surface 070 15 070 22 070 15
5,000 090 16 080 17 090 15

10,000 090 05 060 02 Calm Calm
14,ooo 250 10 250 10 250 09
15,000 (260) (09) (260) (09) (270) (10)
16,ooo 280 (08 270 09 290 13
20,000 290 09 300 10 310 16
25,000 250 12 360 09 350 13
30,000 360 10 .. 350 12
35,000 250 09 .. 250 06
40o,00o 280 08 --- -..-.
45,ooo 150 08 ........
50,000 330 10 ---..

NOTES:
1. Numbers in parentheses are estimated values.
2. Tropopause height was 55,000 ft MSL at H-hour.
3. At H-hour at a pressure of 1,000 mb the temperature was

310C and the dew point 230C.
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OPERA A Ir.- Mike

PPG time GMT Sponsor: LASL
ýTM: 1 Ni v 1952 31 Oct 1952
TM. 0715 1915 SITE: PPG - Eniwetok - Flora

110 1i4' 14" N
1620 11, 4i" E

Site elevation: Sea level
TOTAL YIMD: 10. mt

HEIGHfT OF BURST: Surface

FIREBULI, DA TA:
Time to .st minimum: 270 to 310 msec
Tim to 2nd 01aximum: 3 to 3.5 sec TYPE OF BURST AND PLACEMMvhT:
Radius at 2nd maximum: M4 Surface burst on coral soil

and water
CLOUD TOP HEIGHT: 98,000 ft MSL
CLOUD JBOTT'OM HBIGHT: 59,000 ft MSL

CRA DATIA: Diameter: 6)240 ft
Depth: 164 ftII

Ii1~.4ARKS:

Most of the fallout occurred over the open sea. Documentation of
the fallout was thus limited to the islands and the lagoon of
Eniwetok atoll. The lagoon dose rates were determined by multiplying
the readings obtained on rafts by the factcr 7. This factor is
based upon the ratio of Operation Jangle field dose rates and readings
taken over flat plates after their removal from the contaminated area.
The data presented for the lagoon stations can thus be considered as
approximations only. The island dose rates are based upon ground-
and aerial-survey readings and were adjusted to H+1 hour by using
"the t-"2 law to approximate Uhc decay.
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TABLE 10 ENIWETOK WIND DATA FOR OPERATION IVY M1KB

Altitude 11-hour
(ivOL) Dir Spe cd
feet degrees mph

Surface 090 05
5,000 090 16
10,000 095 17
15,000 115 17
20,000 125 14
25,000 170 15
30,000 220 20
4o,ooo 230 17
50,000 220 14
6o,ooo o4o 09
70,000 100 23
80,000 085 09
90,000 280 12

100,000 250 23
110,000 300 23
120,000 O4O 06
130,000 Calm Calm
135,000 Calm Calm

NOTES:
1. Tropopause height was 56,000 ft MSL at H-hour.
2. The surface air pressure was 114.66 psi, the temperature

29.4 0 C and the dew point 23.8 0 C.

I
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OPERATION IVY - King

PPO time GMT Sponsor: LASL
DATE: 16 Nov 1952 15 Nov 1952
"TIME: 1130 2330 SITE__E: PG - Reef northeast of7

north end of Yvonne2)° 33' 44" Nx
1620 21' 09" B

TOTAL YIELD: 500 kt Site elevation: Sea level

FIREBA!L DATA:
Time to ist minimum: 62 to 70 msec InIGir OF BURST: 1,48o ft
Time to 2nd maximum: 700 to 850 msec
Hdius at 2nd maximum: 1,968 ft CRATER DATA: No crater

CLOUD TOP HE]IGHtT: 67,000 ft MSL TYPE OF BURST AND PLACM41-NT:
CIDUD BOT1DMX)A 12UIG: 51,800 ft MSL Air burst over coral soil and

sea water

RHXARKS:

Contamination of the islands of Eniwetok atoll wau generally masked
by the contamination resulting from the earlier Mike shot. The dose
rates indicated in figure 102 are estimates based upon readings taken
from helicopters flying 25 feet above the ground. The estimates are
corrected for dose-rate levels existing on D-1.
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TABLE 11 ENIWViX)K WIND IATA FOR OP&ATION IVY- KING
4..•

Altitude 1l-hour 1,+3.', hours . 11+9,' hours
(w•i 1) Dir Speed Dir 1peed Dir Speed
feet degrees mph dogrees mph degrees mph

Surfacc 070 20 080 22 070 24
5,000 105 23 080 26 090 26

10,000 085 23 070 20 090 20
114,000 - -- 070 12 080 13
15,000 069 19 --- ......-
16,ooo 06o 16 o4o 12 070 17
ao ,o00 059 20 050 23 0o•o 25 v

25,000o 056 21ý 050 33 050 05

30,000 018 13 310 13 300 06
35,000 (351) ('21) 330 26 260 18
4oooo 325 28 290 44 070 33
4•,5000 (322) (29) 320 36 280 45
50,000 320 -30 230 08 050 17
55,000 (021) (22) 080 20 080 26
Go,ooo 083 14 090 33 070 113
65,000 (0(9) (17) 090 L14 090 32
70,000 076 21 070 05 130 23
7 ,o000 288 07 330 18 300 05
80,000 -- 320 18 340 23
85,000 --- 310 09 020 08
90,000 ... .. 320 06 --- -
95,000 ---o . 260 32 .... ..

NOTES:
I. Numbers in parentheses are estimated values.
2. Tropopause height was 56,000 ft MSL at 11-hour.
3. The surface air pressure was 1-4.66 psi, the temperature

28.00C and the dew point 23.5 0 C.
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OPUWT10N CASTLE - Br±vo

PPG Time GMP Sponsor: MASL
1TE I ýir 195ii 28 Feb 195'

"TIME_: 06)15 1845 SITE: PPG - Bikinii - on reef betweegn
RBaiker and Cl!arl.le

TOTAL. YIIEThD: 15 Mt 1:10Ill.' 27" N
165 .6" 1 " E

Site elevution: $•ca level
FIRl]2LL DTA fr:

Time t",,o ist minimium: O313 to 350 'seO ST: 7 ft
Time to 2nd maximum: 3.54 to 3.95 sec fRadiu,., at. 2nd nmxiinu: 9o512 ft CLOUT) TOP RRIG)IT: Il 1hO000 ft •

CLOUD B1J1"WYO •IGIj H: 55,300 ft !

TYPE OF BURST AND) P]ACl%•ENT;
Surface burst from platform on CR&ATM DITA: Diametcer: 6,000 ft
Coral soil Depth: 2' 0 ft

Lip: Apparent ly
washed away

RIMARKS:
T)he on-.-ite fallout padtern was constructed from survey mea ur(PentL on

Bikini Atoll, and from sanples obtained with the total collectors and
gummed pLper collectors. The free-floating sea stations were not in the
correct location to receive primary fallout. The (data were extrapolated
to 11+1 hour by the composite gamni-ionization-decay curve obtained from
samples measured in the laboratory.

This is the only megaton shot where some downwind land aneas were un-
expectedly contaminated; thus, partial documentation of fallout effects
was possible. However, the matjor portion of the fallout occurred owvr
the open occ!i and was not do2-un=ented. Because this shot is one of thoce
used as the biasis of fallout predict.oi for megaton yield weuponv:, three
off-site fall.out patterns arc: prer.ernted. The most widely known pattern
is shown in Figure 40. It was construc:;e'1 Immadiately after the event
from the preliminary data available at VTqs, i.J,3WP. The second pattern
was constructed by NRIDL by establishinlg an 1.rimcidal modol; the field
data plus a bhorouCh analyzis of the wind struct:ure. existing ' at and after
shot time was used. The third pattcrn wao• contlt.-uctcd by RAND Corp., by
supplementinjg field observations with mode) caIlc'Iation:.
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140 350

Upper Limit
Cloud Heighl

Lower Limit
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0II 4 0-ft
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Figure 43. Cloud Dimensloons: Operntion CASTlE - Bravo.
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IIC

TA31L]',, 12 WIND) DATA FOB013 THATI0N CA.Y'M')Tl- BR1AVO

'ittu-Ic ]-hour IH3 ius1+6 foui

0Sric 60 3Ah 070( 17 060 2
1,000 07 20 --- ---

2)00)0 090 21 070 23 090 16
3, ý000 090 20 ----

11)0") 090 16 090 32 100 16
5,000 (3.00) (1.0) (090) (lo) (090) (1-3)
6,00o 1.20 05 080 13, 080 09
7,0)00 310 0") -- ---- --

8,00 32 ý.0 0 , 300 07 350 03
9, 000 320 08 -- - -- --

10,000 310 o6 150 13 300o 17(
12,000 :3:1.0. 12 320 P21 330 37I
1)4,ou0 290 1.6 330 12 -30)0 1.2
1.5,00(0 (290) (15) (3:30) (.00) (300) (12)
3.6, ooco 290 1.5 3"0()30 12
1.8),000) 290 1.5 300 20 31 10 1 ( I20,(000 280 1.5 290 26 29-0

2',?0 60 22 230 25 2')0
30000 21)0 30 230 36 2110 .33

35, 000 2)10 ho -- -- 260o 5

)15,C)CO 25)0 52" l? W6 5 11

50,00)(0 250 36 --- ")(0 92

55,000 200o 18-1 35,0 13
57,000 3)40 31 ----- --

1.-Numbors in aa t Qsire estimvited valuec I
2. I1-h(;ar wind datu a . obtr-ir.cd oin bonrd thuo U.S.S. Curtiss,..
3. Tropopauu.,o height war. 55,00o i'L MOL.
4. At 11-houir the sea lovc.L prm;!3uiL was 1006.1 nib, the temperature

80 F', the dew point. 720-)F and ili.. vI-Thtivv humidity 77%.
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01ia-VATJ'ON CASITE~ lotc

DA~i? t n CYponwnr LASL

0630 2-830 IiT: XG - Biklnii Shot 1 Crater110 1 r' N
1650 16, 23"E

Si te ].Icvat~ioii: Sea lIeve.

TOTAL YIELD: 11 Mt HlEIGHTl OF B3UM: 7 ft,

CLOUD U.101) liElGIFP: 110,010 fit 1vISL
CLJOUD) BO]1OMuI!I0r.P 118 ,500 fit IA1SL

11Y11FE OF -BUREST AND) PI~ACPMENT:
'Surface burusL from Large oni watcr
Water depthi: 24+0 ft

The indl.viduit[ island dose waesvre taken from acrial surveys by
the fludiologicul Safecty org~nnization arnd coi-rcicted to 11+1]. hour with
the t - * decay approxiimat iun. The contarninotiorm due to previouo
sho1ts was subtraoted.
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140 1 r I7-" - --- ZOo

Upper Limit I
Cloud Top Height

Lower Limit
12 Cloud Top Height - - - 240

110,000 ft.

" -o- - 200

9e - - •--D- - - - ir 4

0O 0

4- o / 4- / -0•:---s

so 160

_j3
00

o .2 , G o

40 \Cloud Bottom, Hei 2h U

20 - - - - -40

Time, Mir, utos,

VI'iuro 46. Cloud Dimenslons: Opcnat..on CAIVPL, - Romeo.
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IA
TAME 13 BIKINI WIND DATA FOR1 OPERATION CA STIIE,- ROMMO

Altitude iI-hour 1+3 ours i -- 11+9 hours
(LL 1)ir ST1c!d Dir S ) (d Dir Speod
fcet deorueL mph degrues mph deg5e s mplh

Surfaee 040 3.2 070 12 070 20
1,00o0 060 15 070 17 060 21
2,000 070 16 070 17 070 18
3,000 060 15 070 14 090 21
4,000 060 1.3 090 10 110 21
5,000 060 08 120 12 120 17
6,ooo 080 06 100 13 (14o) (15)
7,0 0o 16o 07 160 14 150 15
8,000 170 09 140 06 170 2.2
9,000 --.-- 120 06 190 09

10,000 180 09 180 06 200 06
12,000 250 12 140 12 150 08
14,000 100 12 100 13 1I0 17
15,0 0oo (1oo) () (Goo) (17) (1oo) (18)
16,000 090 17 090 22 (090) (20)
18,OO0 100 20 100 22 100 30
20,000 100 23 120 29 (08o) (1-)
25,000 170 16 180 07 200 02
30,000 220 09 130 0 170 32
35,000 180 21 180 20 220 15
40,ooo 200 4 1 190 15 290 08
45,000 300 o6 250 10 200 17
50,000 1V-0 17 150 10 150 20
55,000 2(0 17 200 12 170 05
56,000 --.-- 160 07 ---..
6o,ooo 27c 15 .. 240 15
62,000 --- -- 26( 12

65,000 320 12 ---
67, oco 080 25 .. ....

NO E ES.
.. Numbcers in parenther:es arm esti'ALu.d va'le'f3.

2. Wind datu was obtained on board the U. S. S. CurLius.
*. Thopopuusc height, was 515,000 ft MSL.
)I. At 11-hour the sea I.evel prc'ssure was 10±...2 111b; the temperature

8001e, the dew point, '(2 0 F and the tclative humidity 77%.
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9.

SCALE

0 10 20 30 40 50
Milos 62.5 64.5

Rise role, 5000 ft/hr 57.5

52.5

5725 62.5 575

"42.5 67.5 52.5 47.5

S 6475 375
42.5 42.5

532.537.5

37.5
7- 5, .732.5

27.5

.22.5 22.27.5

O$75

V 17.5
12.5 17512.5N

2?, 17.5 725

25 2.52.

H-Hour H+3 H+9

Figure 47 . flodographs for Operation CA-LI,E - Romeo.
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OPIE'MT1 ON CA UT1.J"-LEo

1)A'.1: 7 Apr L9154 6 Apr '.7l 9ý~ir UC4
TILMI1,: -. 0620 1.82a SITI.-: PPGO - Bi kini Tare

- 6, U 0  L9' I b8i" Ni

U1()TAT, I~D 110 kt
ll:IIEI C I OF WUJH2T: 13. 6 i't

FIREIIAlW 1  ]IWPA: CLOUJD TO1P M1U1iHr: 53,000 f t Ily~lj
TIAme to 1st in r, linumu: ~ , 2 mcc~c C]4A /Ji OTJ'U14 D~'IGl: NM
Time to 2nd imtx Iiimw: Nl*1

Raidiirc ut. 2nd ax imu-nn: WM CM1PA-li DATA: Wiameter:. 800 11t

TYPNI OF ]3URTVP A NI) IIDC21 ptlh: 75 V't

Sur lii cc burc L irom p J t U rm onl4
coval. so;. .

Thco on-s t.u; fuiLiout, p9:3ttern was I)'v cs.rtdfoin survey read ing,- mnade
by tcr3 Ol ye a; ]MI 01 ,(ti( Vi mcantr-1 1)y Llif't, P-! I out. c,-l amp Ic s orl alec .t lu n,
by tu;cone: " i orl 1 F act l)') iy :71nc I and by thI 1', Of' ciA I 1c I OUtL0 In 1.y2 O'An 1V.t( (aI oion
n] fts and : 1 20c-f P oant-i i buon ayn ic ho : d .-i~ thIe3aL!uo:: . The VAM out
0Cc flllcnd dic~u 1ly v 1:iccpl) to ticw ocm',' A.allon lir 30 that more
rcad iris;:; tu in upin 1 wer ic nva 5lubic . t'Alpo wooc aerudA g;'Žre
(?xtruipc) atud to 11-11 hour by u:c Il n ac uiIf c idca oc;-- 1,,17 11aldvk~y ru u.-1
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aF 25
C)$ J

Dislonce From GZ, Statw'e Miles

Figui~4 OperFbi~on CASTriE - Koon.
On. £;itc: done rate~ contoursa in r/hr at 11+1 hour.
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TAB1LE 14 MUKINI W[)ND 1]TA FOB OPERIAIION ,' CASi1M" - KOON

Alti Lude 1hurI3liur 114-9 )-otil-n
.(M.qL) D.I r Spec.d Dir Spe -d Di r ,13 ) vd
fecct degre mph d Q[.IreC mph deLx'recs l Inph

Surfac o010 ",'3 070 20 080 251 , 0 0 0 0 7 0) 2 0 . . .. .. . ...- -

2,00,o 060 18 080 23 080 17
3,000 090 09 -.-- ---..
4, 00(. 120 08 090 14 100 22
5,000 (1.40) (1o) (120) (1o) (090) (20)
6,o0o 170 14 150 10 080 17
7,000 170 20 -.- ......- -

9,000 200 16 --- --- --

10,000 200 16 170 )A i40 140
12, oo0 180 20 160 1.4 350 ]2
114, -oo 200 09 170 10 180 12
15,00(0 (200) (O) (o) (114) (18o) (09)

16, OOo 190 12 170 27 180 08
28,000) 200 12 180 2P2 280 03
20,000 220 05 21(0 18 260 12
25,000 190 23 200 2.3 210 18
30,000 210 25 250 24 220 36
35,000 21.0 32 24O 28 220 36
4o,000 230 39 250 38 250 55
45,000 280 28 260 )13 240 51
50, OW0 240 4o 26o .( 250 47

5P, 000 230 4 --- --

55,000 .. 2,0 2. 260 33
60, Oou .. 290 15 2)10 07
65,ooo 1. 130 I7 16o 26
70,000o ---.. 150 40 o .20 26
75, ()C0) --- -- 080 29

79,00) ---... 090o 26

NOTES:
2. Nunmbers In p].rcnthesev are est.ýain:A.d values.
2:. /iid data was ubtaind oii boi• d tih U.S.,S. CurtiLss.
3. Tropolmaur- l,_i ght wa,; )3 ,000 flt rl.
4. AL. 11-hour thwc .a lev..] -2vc-ncru.. wu-, 1.009.7 mb, the temperatureSil ol° F, (11_',W p o i nlt '(50 1'. . J; , 11i (-• )iu ml dl~j ty 8 2ý% .
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P3TC, 1-.L Gr' MT )r3:

DATN: Al] .1' t Ap;- 9tP T

T1M: 0o5180 STT: ITOG - Bihini - nea2, 1)()U

TOTAL YIELD: 6.9 Mt 110 39' 59" N
1650 2 3' 1 1) E,

8teCcVloiti on: Sea ievol

11DJUI T OF BL3UW.1T: ( ft
'WiLvr ()O3tii: i60 ft

CL OUD) TOP IKU~I' 94,000 IPt VKSL
CEOkU1) X1rj'POM IWIGITCIl: 51,5)00 f~t MS1.

The fl 81 Ie ill).I U. t pcttern war8 drafwil from)l ha ur'voy vread Infu mp de
y c' iI U 'j'j-- eUt, 3)t- .1nn .1 h- rLd Iy Jh 'd o gia uft r'n zu t Lo) 11,

plut, concILu loll utf the LW tlvI ty to (18c- rutu-edI i; of rup eiio
~u 11uu outel tu.':tI8. The ioho, lo-u Lion and thje winds loeii 11zed thc-

1'ad(l1.LtJi en (V0B OUCf' 1111 H tUiry u ignI1j'i eanc to tho northeunitern porti on
0j' tlWý L1,01I .1.Tv do):i -ralte roUdll i ui were ext rupol~ated to 11+] hour1
by wuiqlng st,mil. 11(!1.0-docu.y rates.
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L•120 240

Cloud Top Height"
""94,ooft.-

l oo too

6 0 ---- - gUo0Omt, - ito
0

'-Cloud Diametor0

n 0 1 40

Cloud Bottom Height
40 - 51~,5Of t. so

Stem Diameter

Time, hlnufsý

FILau re 5 1 .Cloid. Dh no~niv ons: Ctpcrviti~on CASITLE -Union.
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TAMP;E 15 BIKINI WIND EATA FOR~ OPEMWOIN CA!,TT':- UNION

DM-T i-r F" L"C d Dir yd 1 r 8ce
fect dorco Limuiph dCgrk'e: m1phi dul~ -'csr Mph

Surf'ace 050 20 090) .6 oklu 38
1)000 060 A) --- --

2,0)00 0890 21 090 '2100 14
j, 000( 090 20 ----- --

4'ooo 090 22. 090 20) ()g( 2.0
5,coo (Oco) ("'0) (09u) (1) (o) ()
6,000 1 10 21 080 117 10 12
'(,()00 320 2 1 --- ---

8,oou 130o c0 080 27 130 1"1
9,000 1120 18 --- -

1.0,(.)00 110 .4100 16 1 3() I.,
l; ,000 050 0hk) 08 090( oh

25,000m (300o) (18) (oto) (io ('.)'o) (M8)
a36,000 21I0 29 300 22 3b0 09
1.8,000o 290 16 ,,6o 09 ".'W 08

C0,000 26o 3.42 0 3
25,000 el*)0 38 2e?31 0 28
30, 000 2,(1 46 21190 I'M 35 33
35,000O P40 '5:L e260 hi 56o 36
huo, 000 2 50) l 6 20 o 8M i9
h5, coci 2l50 h6 ldho olh )1)1

5 5,000 220 20 110 29 !g 29
50,00 2o 320 210 jI 16
65,000 28l'f 3i0 33 ()( 90 2
70,000 --- )g) h 100 33 I9 2

75)()00 OQ0() '1
8o,000 - M- 1 00)

8"), 00.)-- 208 3611 12(0 )

90,000c --- -- 0'0 8", ---

95),000( --- - 30 (8* -

*. '111-pojnicc hu t1 '.ht. wil!" 1'f, (X)0 H. Moll'
h* At, 11-houi' t.1wc~e r it low . plcmmn o ct wc.; .1007A h m1b, t-lic., i-cirpeo ].ttIIIc

8. ) )I Q h (IL-W p1)(Al. ((1"cind tc 1h d.I. /
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OP])NUMON C 31~-Yne

PPG time GNP Sponrnor: IASL
51P~~ 5 Iy 1ý514 hMay j.954
TlI 1'-;: 063.0 183.0D Fi.N: PG - B]3i' ii near Dog &

Fox
11" 39' 56" N

TOTAL YIELD: 13.5 Mt 1.651 ele3ton 13 a " Eve

HEiIGHIT OF BMWh3: 7 ft

UIbOU1) TOP~ M~GJIT 3.10,000 ft MO4T,

TYPF,; OP TIRM151T AND PIAC14XNTf: ioj.1UPO l:6'N 1t14M

Suxvface buv.,t from barge oil water

Thie individual island douc rates were' computed fro1011 the D-1- day
kierift]-suirvey rnadling.n (-)' the 1Ra.lologi,1.cal. Safety organization. The
vurlouv- readirigr:u were corrected to 10 1. hour12, usi rig, Whe t 7' VQ r-
3ationnhip, and extru'pol~ated to 3 fLt ubove the iLurfac.-r,,u~ i the air- to-

g 'udconiverion-ol factors determi-1ned 3I-ter for t'he RIQW1NG .'i1atheadi nho L
100. The Fox, George, Nan, Oboe, Uncle arid W1lliain readiiiLg:, were taken
tit groiuid level. All. other rcuding!; were obtaincd by aerial. surtvey.
Pile off-oitn fallout pattern was d-jumnented I'or the I'irst, timle by a
combined wrater-'turface reading, aerial survey, and water-sanipl:ing operation,
The d'J(J0O-IULQ Ireadings were cxtrapobltted to 11+1, hour by urj,I ngt actual3.
decay rates.
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200 __ _ _

0,500

~~~50~~~ 0- . 0 ______

S 4) o

0I

5000-.~

50
LLF

0

130- 10 505

Ditorico F~rorn 02, Sltute Miles

r, 1Tgura 54 O peration CAAIAITAJ' - Yarik~a.
CiT-site dow'o )-,,t( contoura in r/)ir ikt )I+1 1,imr,
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l

140 1 -r F ... 1 I I 1 2g0

-Cloud Top Heig2ht
120 -11o,o / -- f0

l•oo -- 0... - zoo
% -
o 4

so 160
-Cloud Diomoter12 6, o' f. . .

60 1.0
Cloud Bottom Heighl

A -4

-Slm. Mi nuterC.

j-
00

00 2 3 4 5 6 7 a9 10"-

S5 ~Time, Minutas

b lIg••(' 55. C;loiid IDj III-Iaol,,,.. Opc~mtion CASTLE - nk : ;
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ULAJE, 16 P211,11-1 WIND. PhIPA FOR OPEP31ATI ON CA:JTI-l- - YANKI*;1:

Altitudc; JI1oo or on- )+ mr
L~cd Div ilc d _ _____________________________d

i'vot dQ(grjc,: inpli d.x u ph dvirec:s tiph d egr r.,es I~

Surface 080 28 0oso 1.8 060 20 020 15
3,000 0(0 26 --- -- -

2, 000 080 29 070 29 090 26 U8o 22
3,00 08o 2)8 -- - -- ---- - -- -I

)11000 080 26 070r 25 110 30o 090 23
5, 000 (080) (PI-) (080) (21h (110) (29) (090) (20)
6,o00 0,-() 23 090) 23 1.10 29 090 18

700 070 f21 --- --- ---

9,000 040 Oy( -- - -- -- - -

10 >000 020 06 .320? 02 080 11T V; o 10
2)w00 o6 20 012 060 08 180 07

1)14000 310 h 3o 09 3110 0 210 05
1.5,000 (330) (00) (290) (08) (200) (06) (220) (06)
16,uoo 320 1.5 ,,)0 0,- 290 08 230 06

2.8,000 280o 10 330 13 "290 A) 2)40 12I
20,000 2ýX) 1.6 260 10 280 12 260 10
25,ý000 230 26 250o 110 280 36 250 32
30)000) 220 39 2)10 2,8 280 33 260 4

3,0-- - 260 16 218 0 33. 2'(0 66
)4o,00c -- - 26o 29g 280 o9 260 '

24o"o80 64 28o 1h6 280 25 280 1
I:50, 000 250 51 --- 270 62 170 30

55,DJU0 200 r5,3 - 20 33 1)0 37
(too 000 - --- - 1)40 l16

2. WIni c : : b L i ncd ouJ I cv I 2t U. S. '13. Curt iso
3. Tropopauuu hcighit. waL; 55,,000 fi~W1,.
4. At. 11-hour the ot-av level. q]ir ý'~u ~ 018.8 mib, tho tfnqmperatuire.

80. 8 Fi, the dew 1p01.1t 75. 0"'T' andc tiic ht[ehunidity 814%.
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OPKIATION CASTLE - Nectar

PPG time GMT Sponsor: LASJ1

DATEI: PiMy195 13 MSy 197
TIM:8 SITE: P.PG - Eniwetok -

Ivy Mike Crater
,.10 40' lb" N

162" 11' 47" F

TOTAL YIELD: 1.69 Mt Site elevation: Sea level

IE:EGJIT OF BU}rT: 7 ft

CLOUD TOP _lEIGlrit : 71,000 ft MISI,
CLOUD 130O•r1rOM H1,]l01rT: 110,500 ft MSL

* TYPE OF BURST,. AND PLCFW-,7Tf:
oSurface burst from barce on water

* RI1']AAPS:

The on-s.!te fa2llout. pat.tern was. drawn from Rimiolugica 5:i1'ety
aorg'inizat. on data and by converting the readings obtained from fall-
Sout smpl.es; to equival.ent dos;e-ruLe rtadingi; over land. Since the

fallout went in a northerly direction from ground zUro very few of the
collecting st-itions received significant fallout. The fallout col-
lerted wns pr.hitiri]y upwind fallout. Aerial survey was used for mea-
ur1ne1nts nort.h of' the aLu3l, and two tugii gathered water sampl.uo throug,,h-
out the fallout area. Analyses of the water smpl~s, combic id with anestfimtce of the depth of mixing, nerved to detelinine the land-equivalent

exposure rate nt a number of points. The aerial survey served to fill
in the contouro.
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TABU:i; 17 F.1'NWI'-1'K WiND JIVTA I"0Y' 0PR'I±tJ.iON CASTLEF - I qfi.CTA R

Al~tittud Hhu 1+jon')1129 hourt-,
D! Dr Spod D1. r S pv I,

f cct dvgei-es mnph dogr*'.ýL Imph cleticetu mph

8urI'acu. 09c, 22 0'(0 P3 090 P23
1,000~ 00 ,i4 ----

2,00 100 20 110C 24 10o0 2
3,00(0 110 2NO

43 u110 21-2 31.0 20 2.40 1.6
5)000 (no0) (18) (1o0) (16) (150) (16)
6, ow 110 ).6 100 o 160o1

8)uo100 f? 110 13 16o 16

20,00 ]J30 )3 10 72. 10 1

1c), 000 190 V) 2,1 1.6 17 C.6
120, 00 120( 20) 14o I f ' lii ' i
35,000l 11'0 10 1.0 10 280 2 f
1.15 1(N (1('') 19( 21 "0) 8 1800 (1.8

145,000 190 NO o64 0l I Cu G. in C I Ini
W1) ,000 80 140 CVO I7 in2in

Gocuo-. ~W- - 2180 10

IL. Numbvi~v. in pure-nthoscs arecicLiznut#ud vtiiuvv-

2 . Wi.nd d'fi L wasi obta t lu I: by t~ho wvnthe r 1nt .ticil on

3. Tropopm-m. h'.! j.1t was* 56,000 0t HSIJ.
h4. At H-houm thco u(eu 1ovcu1 jvr.uuve wun 1-o006.11nib, the temperatlire

80OF, the (low point. 75 0F mid tho rel-ative humidity 8')4.
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SCALE
LuIJ,,!JILUJ
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Figure 60. 1!odographo for Operaftion CASTLE- Nectar.
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QPJ~2t'UoN ~ ~ tr tporiraor: DC~r

ZOO,'; )-300 Moo0C SITE: Puiciric OC .-n 140b miles
¶3outhwoot of San DiegoF> t1,260 161 ,

TI)TAI., YIELD: ý0 kt Fite elevation: Sea level

F 1 nI3tli N IJ, MAA: water doptii l6,OWO It
Tme tj Ict miiin-mm: M04

`J' imc to.2nd imtx1iT,w: M ~ TYPE O rtTVY N)PI~~E
]RadiuL; at '2nd 'mxinmum: Wvl Subsurface burI~t,-

ousyended by cvable frQm barge

fallot. At11+i9miii V614th conta4nat wa0 tr are

was ab out 5. Given k f o;:,, HAIA honur)nwere in an 1i'rie basiseof

IVThey doa riolt roprt~ierr ba.1oi activxirity thc ion the surface. T ty
of 2 to 0 r/.r, ft boveVh~ ~t~r'a~c. T e hare a 1. w~ ied by-

50 mr/hrn fioir th iry cotwoudys irThtis coto .5mA 'to :011+1. hr. Ate from.
hr it na decronved o t oa3.5y mPr'.n, tMcaurae events o r fromi I ý11)upwv.tncgca

a diaciv daeeny fro~m bly. ! Tedon t

.) o)alaAIdronerdoý-

vaie wthth oý-c uli, ndy'ldci/cy 'itle i' nyr97da

falot At)+9iiue h-ot-intdwtrae

wa aot -3m2-T __reas _____-edi a Irgk -k anr
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Figuire 61. 0p rat.tnion W/i • IGWAM'+.4 hu.Off-site dose rcite contours I
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Figure 62 Plmrn Ieight Dimensions: O(erathon HiGWAM.
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Figure 63 Oprto EWNSo Locations, Enieto Atoll.
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Figure! 64 . Operation PEMINC, Slhot Locationis, Bikini Atoll.
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OPrMTION REIWING - UiCro,;se

PPG Time GMT Sponsor: LASL
DATE: 5 MKiY 1956 4 May 1956
TIME: 0625 1825 SITE: PPG - Eniwetok - Yvonne

-- 110 33' 28" N
1620 21' 18" E

t TOTAL YIELD: 40 kt Site elevation: Sea Level

SHEIGHT OF BURST: 17 ft! ~FIREMLXIL I•XTA:

Time to 1st minimum: 18 to 314 nsec TYPE OF BURST AND PCIACMNT:
Time to 2nd maximum: 190 to 254 muec Surface burst from platform on
Radius at 2nd maximum: 872.5 ft coral soil

CRAT•R DATA: CLOUD TOP HEIGrfr:
Diameter: 404 ft 38,000 ft 1SL (Tef 105)
Depth: 44 ft 401000 ft maSL (Ref 11.)

Lip: 15 ft
CLOUT) B0OM HE'lGIT:

22,000 ft MSL (Tof 105)
13,000 ft Mm'L (Ref 112)

SRF/4AME<S:

The dose-rates shown for the islands of the atoll. are based upon
ground and aerial surveys Tande by the Radiological S':fety organization
and by Project 2.65. The dose-rate readings In the immo-diat environment
of the crater were a.alculated from survey readings at low tide on D4.1
day r.nd D+2 days, after the reef around the crater had been flushed by
at least two high tides. The measured fleld gamma decay exponent

was used to extrapolate the readings to 11+1 hour. The one rending
which gavo an 11+1 hour dose rate of 57,000 r/hr was uniquely hifh and
may have been due to one of the extremely radioactive, partially fused,
pieces of metal scattered about near the crater.
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-Tropopouse Height Claud TopI-loaght---\
53,000 ft. 318 00 ft.

.2 oud' Diameter No.1 I
E31,800 ft.

530
Cloud B9ottom Not

________ ________22,000 t.
3___ Clouel Diameter No.?

C2- - I

------ Cloud Diamet~gr N063

Time, Minutes
Figure 67 .Cloud Dimensions: Operation REMN; Lqcrosse.

Diameter-curvc 1 represents the diameter of the main
cloud; curve 2 refers to a portion of the cloud which
resulted from a shear at 8 minutes; curve 3 represents
the average diameter of two clouds which resulted from
a shear of the second cloud at 15 minutes.
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TA13LE 16IS Mi1iTTOK WIND DTA FOR OPM~ATJ.ON REINJIMNG- IACROZSJI

Altitude H-bo.r __42 o,.j .1 o!rs . 14B hourn
(MSL) Dir S c ae d Dir d DMr Spe ed Dir 'Pr.-ed
fieet deg~rees mph degrees mph dcgrees mph degrees mph

Surface 070 17 090 15 090 14 090 14
1,000 .00 28 o0W 23 090 18 o80 18
2,000 210 28 110 214 090 24 090 22
3,000 120 28 110 26 110 29 100 29
54,0oo00 110 29 110 26 110 31 100 32
,,000 110 33 110 29 110 19 100 32
6,000 100 34 110 28 110 33 110 30
7,000 100 3P 110 28 110 33 110 26
8,000 090 26 110 31 110 31 i1O P.3

( 9,000 090 23 100 33 110 31 120 23
10,000 100 23 100 33 110 26 120 22
12,000 100 13 100 22 100 17 Pn0 20

O1,uo 110 06 09C 07 050 02 09
i2 15,o0 (18o) (06) (020) (07) (020) (02) (o0o) (o8)

16,oo0 250 05 3Po 07 350 03 320 07
18,ooo 230 05 26o 07 270 05 250 05
20,000 24o 15 250 1i7 270 1,7 210 09
25,000 26o 28 260 31 6o0 30 260 32
30,000 240 43 250 47 240 51 250 47
35,,000 260 60 260 55 260 60 260 69
40,000 260 69 250 71 260 68 2?60 73
450ooo 24o 58 250 y4 26o 71 26o 7550,00 240 240 4 71 25 69 240 64
55,000 280 33 250 4)4 270 32 290 36
60,0o0 130 09 150 08 180 06 190 .3
65,ooo 130 15 210 05 170 07 140 07
70,000 080 12 090 06 090 13 080 12
75,000 110 32 090 25 110 38 090 37
80,000 090 48 110 47 110 51 100 49
85,ooo 100 64 o0o 64 000 62 o0 56
90,000 100 72 110 69 1i0 71 100 61

o 94,000 --00 65 --.- --- --

95,O00 -- 100 64. 100 57 100 62
98,000 -...-- -- --- I..00 63

100,COO --- 100 65 lO 63 --- --

102, 000 --- -- 1.00 63 ---
105,000 ... .. 100 67 -.-- --.-.
106,ooo ... .. 100 67 ---.

* NOTES:
, 1. Nwnbers in parentheses are estimated values.

2. Tropopamuc hieight was 52,300 ft i1qL. (Reference 149).
3. Wind data w;ar obtain•ed 'by the weaLher station on Pmiwetnk Island.
4. At the curface the air pressure vas B14.62 psi, the temperature 27.2 0C,

the dew point 25.00C, and the relative humidity 814.
105
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Figure 68. fodographs for Operation EEIYWING -Lacrosse.
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oPIMAT1ION ]UIDWING -Chlr(I! o

tP ,i.m:,. GNP I-pir IA 1,11
rJ'E: IM 14ty '1.916 p0 may 1956
ZI2M.F,: 0,552. 1752. 15'1.111: I'M - B11.ni, i.- 6,oo0 frt Nii;

of CharlicL
i i0 W~( I u6" N

Site15 clvu l1:.0e uvo I

Ir.!:0]1lI' OF limisTh~i: 4),o :LO )25c) I't.

TYPi,'I OF' 330M1:11 ATiNI) P.AOR41-'JWT':
Air burot ovev wLatCo

CL1OUT) T101: rwIM1:PAL 9)1)000 PL, Ml)L
F14 ol1 -,M" lib )OO0 ft Wl3L I

NO f*U 110111 WJISZ ObG(rVetd on thei :i~iludv . Vury 'I tgli1t fal.2 ut Wo H
obuw.ýrvecc North of GY.. C a irau, doce-ratc rcud ng o (Iurliu Wei'e at.
backi.,rouinrJ 2 ci"ý 11
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SLTropopaute Height +

52,300 ft. (at H +9 Hr)OburdB
160t Cloud Cover--

Cloud Top Height

Cloud Diameter Cloud Bottom Height
60000 ft 'A'fter Skirt and Stem
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TA13LE 19 BKX.NI WIND DATA FOR OP1ATION REDW'•10 - CIM0MKE,

Wltitude -ifho__r _+3 h__+nS.. (S,) .Dr._ s.eDir Speed •Mr, Speed "

feet degrees wph doVreee mph deg~ren mph

Surface 090 06 120 18 120 17
1,000 100 20 090 18 090 22
2,000 090 23 300 18 1002o
3,000 090 23 110 23 100 26
4, oO 090 2A 110 p.h 100 26
5,o00 090 21 110 22 100 22
6,ooo 090 16 110 1 090 21
7,ooo 090 16 110 17 090 23
8,000 090 15 100 18 090 22•9,00 100io 13 100 15 090 1

10,000 120 13 090 18 120 13
12,000 120 14 110 17 120 16S14,ooo 140 16 i',jo 18 110 15

S15,o00 (140) (16) (0)40) (17) (130) (15)
16,ooo 140 17 150 17 150 15
18,000 13o 17 16o 16 170 23
20,000 o 21 17o 15 150 15
25,000 o0o 10 090 20 160 20
30,000 1o0o 07 150 14 150 10

5,oo0 260 07 10 12. 220 09
00000 2.0 17 250 23 230 25

45,000 2 0o 18 250 37 2ýo 38
50,ooo 250 37 250 39 210 0

* 55,000 210 Ol 180 07 230 14
_60,000 100 l20 300 1. 150 09
65,000 030 23 090 30 090 23
70,000 100 25 090 4o 090 31
75,ooo 090 55 090 45 080 53
78,00o --- 'a ... . 080 60
80.o00 0 58 090 53 -- -a
85,000 080 63 090 35 ..
87o,ooo on- "" .9C
90,000 080 70 ... ..... ..
95,0oo 090 85 am ---...

100,00(c 090 93 .... m .- .
NOKTIP-0":

1. Numbern in parentheses are entimated valuuc.
2. rh-opopause height was 52,500 ft WMIL.
3. Wind data was obtained on board the U. 0. S. Curtiss.
4. At 11-hour the sea levol preasure was 1009.0 mb, the ttmperaturo

82°F, thfe dw point 73 0 F, and the relative humidity 76k.
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SCALE
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OPPE'ATI'1ON T-IM)I NG Zun

TIM ': 056 '(j6 lI'I'T]-: 11110 - ]31.tU1 Ta-'lre

T(YPA I~ YlhT1 D: 3. 5 M t situ cicaton 2' 09'' liJ' -

)PUGH~T 0Oi' J~t )I'
Fl 103AlJA1 MbJTA :

Vim0 to ).a L m in imum: 2,60 + 3.8h i nuu

The~~~~~~~~~~~~Uk oiu eInbu CLtr U2dai rm ill.;t A from~n~' ptaken by
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Thu Lpnr nt or tulloutaI ruttorn w ace drawiin from udI ovouthu t'o13 vr'c I yI o
Mirnh) c~cu rom any dnc ±i-OL rod ~ cllclh .'Iicto pmrui Lu read inuurigrjr wove dxaomI e-

the 1-)ne-rtnnt' id. Iq~ oto turt.pnti ed be~o th tow iro-1e l ('w'iuJlerw' impi cupng
eupmo~.,rtnt or tho'n~ to r'u LIj Imoat'te :11ortwii andtg Vw the rc'oLilecoll thf
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F'igure 72 , Operution RE~MITNG - Zuni. Off'-site
doce rate contourvl in r/hr at 11+1 hour.
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-t.*~~i ll . .XW ' urw r

too Tropopouse Height + -_

51-00 0l,O0ft,(atH+1 Hr.)

- Cloud Diameter;• .- •~84,000 ft h

--

Cloud Top Hoight

x ,,Cloud Bottom Heigh

Time, Minutes

Figure 73. Cloud Dimancions: Operation REDWING - Zuzii.
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TABILE 20 BIX [IN W]J111) lDVIA P"oll01JPxi'O )1)W l VIN1 -

Al~i tu fi houril, Hf-hur _H+.3 houny. 11+6 1ioun-
(."!v¶S)4juJ ipzd M. r 3r'd D1r v_____d___1, '!('
fcu 0t dcj-,:rfIv :rnjh duL~r,:Icu imph dog1ces~ mpli doLg1'uce mph

Sr'c 0y70 21 050 22 060 30 0(,0 2)4
1,)000 09 W6 080 2 6 060 26 070 P-8
2,000 090) 070 215 0'~) P6 080 K'
3,000 090 2) 070 2.8 o'(0 30 090 312
14,000 090o P5 090 28 070 31 100 30
,000 080 26 090 014 090 9 100 P8

6, ooo 080 2d3 1.00 22 09 29 1.00 3
7,)000 090 23, 1.00 C2 1 100 23 100 3
8,000 080 01 100) 22 220o 231 090 29
9,000 090 11 200 2 2 1.10 214 100 30

3.0,000 090 24 1.00 23 100 2 2 100 30
12 000 100 P2 090 ph4 00o 1 090 26
Ph 0ouo 080 '17 09 17 080 16 090t
15)000 --- (1.00) (15) (080) (15',) (090) ()14)
16, wo .1.0 15 2.10 1? 070 2.)11 090 d

*183,000 11.0 17 iv" 1.? 090 23 090 2.7
Lo 20,000 110 V.I 1i.4 12 12.C 2~ .0 090 III
P5,000 170 18 2.6o 2.8 .1"0 20 260 O
30,000) 2)10 206'u 170 2.60 28 180
35,00 2,50 36 22:0 129 1-00 3)~ 230 35
)10, 000 260 314 1r.!20 146 1210 50 P60 lic)

45O 514 210 1h0 P P0 )13 230 6.1
5o)ooo e2"10 37 "1~ U 9 p5 "ho( 32
5 1,00 *.*- 250 2-'9 - - - -- --

o5000 !6 C'40 3 25o 21 o 14()
60 , o(,vX) 0(;0 'w 080 1.7( 090 2.6 060 ;1
65,000 090) 28 090 30 090 3-1 090 32
7(0,000 000 32 090 30 090 37 09w 30
'(5,000 080 1o4 090 1o 090 38 090 35
77,000(X --- -- - - 100 h]

80, 000 2.00 47 100 1IO20U 4 -- -

85,j000 090 51 100 )18 10 ho 46) -- -

86,ooo - - -- 100 143

1. Nuniburu LIn purunthc~ons arec oLimwated valuo.ii
2. Tropopuuno 1ci11dit wlkr 51,'200 111 WIlL.
3. Wind date was obtafilod on board the UJ. EEL S. Curtlur.
It. 11-hour dtiLa fur nit~itudi.ii. ovr'r- 51,000 ft wore' dL'terinfi.,d by inturi-

pol4Atin, I'ugi frm rnafnu 'ntu takmi bot~wocn 11-4 and 1-1-3 hours.*
4 .At li-houir the cutt 1i.'ve pronimure war. 1010.5 mb, thu. tcinpernlt:vc

810F)Lhe dw poinut 7(6010. and tho roi101iiLvo 1111nidityv 8(41i.
NIP



TABLE' 20 WIND MYJTA VOR OlPXRATION REMME)ING- ZUNI (COMMrD)

B] Y.[ Il roHng~erik.
Altitude. 1I+•) ho1144 - 1 h[ouri 1142-1l holu _._

(MSL) DI r S].c!od Dir Speed _ Dir !oeed
feot degreos Inlih degreeG mph deg 1e1 mph

surf amf, 080 24 090 23 070 15
4,000 090 28 080 21 080 24
5,000 100 29 080 23 080 .134
3,000 100 31 090 20 090 21

4,o00 00 268 090 18 080 16
5,000 100 29 090 18 080 13
6,000 0O0 25 090 20 090 12
7,)000 100 26 o00 21 090 12
82,000 00 31 100 22. 090 14
9,0ooo 090 30 090 21 090 12

3.0)000 090 2,6 100 21 09w 12
3 2100() 300 25 100 22 090 14l
14,000 080 3 ]. 090 21 2.00 12

.5,000 (080) (2r?6) (o0) (18) (ioo) (14)
16,ooo 070 22 090 17 090 2.8
18,000 090 18 100 24 090 24
20,000 070 24 090 2? 080 P1
25,000 050 25 070 2 06o 23
30,000 230 214 6 -00 13 221 06

35,000 230 31 200 13 220 15
4o, ooo 22 46 2. 26 230 24
45,oo00 220 47 220 38 230 28
50,000 250 31 230 32 310 25
53,000 --- 2)10 31 ..
55,000 290 16 ... 010 07
6o,ooo 110 23 --- 150 14
65,000 090 26 .. 090 24
70,o00 090 31 .. o80 23
75,000 090 37 .. 090 4o
80,o00 090 36 --- 080 )v
85,)OOO 090 14 --.-- 090 52
90,g00 090 56 080 56
95,000 100 65 .. 080 69
96,000 100 65 ---..

99,000 ---.. 080 8].

' ' NOT] ,',.

1 . Number:i in parenthfses are estimated values.
2. Wind data for 11-+9 hours and 11+1-15 hours were obtained on

bocird tho U. "). S. Cr Lin-. Wind data for 1121'Pl hoav.'; wao
obta •ivd by wIt.hor statIon on T'inm.wetok 1,;.and (o.incrik Atoll).
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Z

TAI IHB 20 BONNGhERIX WiND IATA rOR OI"EIRTION REDWING ZlYNI (Contd)

Altitude H7 hours M+33 hours H1+39 hourm;
__(MSL) D.ir cpc d Dir -po .1.) SpC-Qd

foot degrees mph d'gree;t• mph degroes mph

SurfrAce 090 18 090 10 070 18
1,000 080 2). 080 16 070 23
2,000 080 22 070 17 070 25
3,O00 080 21 070 16 070 29
4,ooo 080 18 080 13 070 2
5,ooo 080 16 100 09 070 12
6,000 070 14 090 06 080 07
7,000 080 ).3 080 06 080 07
8,000 090 -3 09 8 00 078,000 090 13 090 08 070 079 ),000 090 1.3 090 10 080 o07

I0,00 090 13 080 13 Ot'o 10
12,000 080 12 060 13 090 12
14,ooo 110 08 060 13 o(o 3.4
15,000 (090) (13) (080) (12) (oCo0) (i.)
16,O00 070 17 090 10 O(,o 17
18,000 090 17 090 12 0jO0 16
20,000 070 15 080 07 030 12

25,000 060 22 080 22 0O0 14
30,000 050 24 070 22 050 13

S35,000 330 08 330 17 18
40,000 I19 10 200 16 160 21
45,ooo 230 10 1go 06 290 09
50,000 230 14 320 17 270 08
55,000 180 14 -o00 09 220 17
60,000 110 16 360 05 080 3.7
65,000 090 22 100 15 090 23
70,000 080 29 o4o 08 080 26
75,000 100 38 .00 32 080 38
8o,ooo 0090 36 090 41 080
85., CcO 090 55 090 56 1OO 57
90,000 090 60 090 61 090 67
r;o2o0000 .. -- -. 080 75
95:000 090 74 090 69 ---
100,000 090 81 090 8i ..
105,000 090 04 080 89 ---
110,000 090 69 080 102 ..
1 A., o0 090 69 080 1.02 ... ..

' NOTKS.

1 . Numberu in parentheses are entinaftf.d value.s.
2. Wind data war, obtained by the wather station on Iniwetok]'sllil,| (]Ront-errk Atoll).
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32.2.

0I 205 40608010
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OP1'FTATION REDWING: - Yuma

71O 0 lme GMIr Sponsor: UCRL

]ATN: 7, Nay 195 2,7 MVy 19
T:I-E: 0756 1956 SITE: PPG - Rniwetok - Sally

11i 30' 33" N
1620 18' 55" E

Site clevation: Sea Level

HEIGHTl2 OF BURST: •205 ft

ClOUD TOP 1HHIGI1: 8,000 ft MSL
CLOUD BOTIOM HELIGHlT: 1)000 ft ,ISL

TYPE OF BURST AND PIACJMENT:
Tower burst ovcr coral soil

Only island dose rate readings are available. Thec.e were tal'en

from the aerial and ground surveys im.de by tne Radiologi:•al Safety
organization. The t 4 "" decay approximration was used to extrapolate
the dose rate readings to 11+1 hour. Significant amounts of alpha
(plutonium) contamination vcrc found on the shot island.

120
•, . ~ $ .______



GENE

EDNA RENLNOR~TH PACIFIC OCEAN

DAISY JANCT
CLARA

BELLEKT A.

ALICE U-

ENIWEOK ATLL /SACLLY
STATUTE MILE

LEROY~~* VLRA

N ER MACLYVNN

Figur 76.C~petionI~EDIWG umNA

IILa Aou 6o 0 r/h Nt ALVINhur

121.kk~f

ENIETO ATL-LD



TA111iN. 21 NIWN1W'?OK W111D M13\A i'M01 03]'I'ýAVL~ON iWI'JW.I NU Y1JMA

Al .t-Aud(? i1-tr houuvi It hou1)cir I I((l'

__________ np dry." lnpiil dulsmull mphd dciS,'I'ooIlp
vflvi3'1Ir 08.0'P.DI ON 2j:od 1)1 32 L.PV)l

~1urC0 00000 080 P:1 090 33 0(0 09") 26~

2),a0) 080 31 09ý), 33 3.0o 33 090 30
3)000) o8o .5 00 3 N '8 10 3

)110008 35 0 90 36 100 ") I0 16
5,0000 080 32 090)' 33 1.00 36 1. 0 " :o
6,oooj 090 L)8 080 33 10 35 i0 8
Y ,000 090 "28 08o 36 090o 30 1) 0 30o
8,ooo 090 29 08() 38 090) 37 110) 3 5
90000 090 30 080 37 0%) 39 110 36

10 Oq 0~~~~8o 31 9 112 14

16,000 Ilo 2~ Vlo 16 LIU0 16 IOU l
1.8,000 40 3.7 1.50 01 3.20 1.8 1~ 3.) 5
"2000 I 3 .80 o5 100 11P 300 J.1l 3.00 3.1!
25000 Lyu 6U 1.0o. P2J 1130 11"? w (u 08

-30,000 26o) 21 1.90o 160 3. ;2 XV) L 23
35,ý000 2 30 .35 C220 31. 1.90 45 . P920 ),
)1bo)OOO 422 200 55 50 P2
145,000 -- ~ ) )0 35 ;?.0 140
50,000 dj P-j "A y 45 20 3 j

55,00 - 10 9 1C. 3 1o 2
6o),000 --- -- 060 01h 060 10 TOO) 2.5
65,000 .. - 80 37 100 39 1.00 302
.(0,000 --- -- 110 38 '1Ou j8 10oo 31.
75,)000 - - - - 090 37 100 ho) 0%) 37
80,000 ... - 100 j147 100 39 100 1
85) ooo- 090 14' 090 53 100 5)
9oýooo *1 3,10 60 3.00 55 .0 6c)
95,000 I-O 03 -W G-300 00 6 100 71
9C,))000 - - 100 85 ---

100,1000 ... 3.00 89 -- 100 68
10,2,00() -- 100 92 --- -- --- -

NOTHYl:
1 . Tropipauuou huv1rht waui. 51,50()0 ft ML.M
2. Wind da~ta waao btalined by tho Wouthecr fitflticl Oil En'Iwatok Inl1and.
3. 11 hour valuoL1 werc 1nterpol-atod from drktx take ta~t 11-2 houru and

34. At the ujurface the a-Ir prenuumr wan 114.61 poi, thoc temlperature
27.5 0 Co the (tow po.1Wn! 23.900)G ivid the rultiLlvv. hwiir'dlJty 801A.
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TT.T iftTO 061.-. W] NOI11 P-O-X~atk Yo

-- 110 P' 40" N

Gitu 1Cloution: LOu& 1ovol.

VTower burut u~vu)r coa Lil.

CU0,10,1TOP W"ICIVf: 3P, 000 ft ml
-_____0 ___) 1010A1I10 T: 1(0) 000 ftMil

Onl y 1. t .1und c10Oi~-Vi~tU ~ Vaingn ure tava Jlabi . Thiev', wove 01) Lu inod
Vromn iir.1ul unid growiri iiurvoyLu nudad by the Md ioldogicu2. Hufet~y
oripin'u'/'izaor Ri 1!+4 )IOUVLI. Tho t-I'o duciiy [ip)] ox .hwk Liori wan urnud

ito OxtrupuOilato the, douiu-rutm ra ro .ingm to 1IHAj huur. 2.lu'ado north of'
YVOnro -in the atoll, wt.,rc on).y ol.iLghtly ((JflmintVfllutC.

124



CENC

NOMTH PACfIO OCEAN
ii!GIRINK•

CONA
DAISY AT

CLA4A
KATE

SALI0 4 4 WUlkA

N MACK YVOININ

I 2,IY

,,II . A

3 ZONA
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UM'LfhI 22 1ENT.W1IT0 WI TID IATA POP~ O1'1-:]MAV0N JP1 DWJ NO - J'IJMII

ivcot d(,c.'toov iph Iknpu) Ip dogreuLn tiph I

Surruawe 100 16 ]-.-w 1.6 090 12
1)000 100 28100 P0 090 P
2,000o 100 28 100 PI 090 0
3,000) 100 23 100 1 109)0 22
14,000 100) 2 3 1.00 41 C)9 P 20P
5)000o 090 20 100 1.8 090) 16

6,000 090 16 100) 100 17o
(,000 080 10 110 07 100 j,6
8,000 1,00 08 11I0 06 100 16
9,000u 2.00 Ili 090u 0' 110 16

10,000 080 05 09 08 120'? 114
1I,0ý 00 100 06 100 0)6 120 05

000 0 0%) 01( 120 09
15 000 (080) (10) (090) (09) (100) (oy)
1.6,000 080 1.0 090) 13 080 06j
2,8,000 0-(0 Ili 090 23 080 12

in0,000 360 v( 1.10 07 080 07
25,000o ,?6o 15 POO 120 2ý80 09
30,o000 250 22 If250 "9 23 0 1'r
11,i) 0 ()')0 ;414 2y0j ;2v(8 2.140 30
1400000 280 3Y( ?'0 U. 1 V8o 38
hl.,oo P0 80o 36 '?(0 )I 26o 38
50,000 2ý60 :i "250 14 1 ""ho 39
!55,000 320 18 300 2,2 2'(0 214
6o) ow 080 P0%) 3: 3140 07T

6500 090 26 o8o 2h4 o~o 21
I(C0,000 100 33 11.0 32 11.0 32
75,000 1.00 40 100 414) 100 144 .

80,000 1.00 '(;2 090 6W 1.120 62
8~,oo 0900 '(Y9 090 98 10 X7li

9000 090o 711 2.10 83. 100 7
911),000 090 Tr --- -.

95)000 I-10 7 100 8
96,000 -- - .00 8

300,0000 -i. -- 120 88
102,00 --w 1210 93

I1. Numbro~r in1 jnrntIw:;(1 a~~erf' rot imnte ad vniur1 .
2. TroLp()pxtunu' he.1i;ht, 14uti 5)1,10 3C) t M.13. (k. !kcronc.c V19).
3. Wind datta waa obtulinod by thu wonie~hr tnt ion on 1)iIwet~ok I rLaMd.

14.At- )I-hoimi tho amn luvc?] pir'oimur.o wuin 1.009.1. m'b, i th1omnpornt~urc

80. 30F, thc dCW point, '(3.5'W 14 and Lh b vi l' itt. iw humid I t-y 80.21A.
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SCALE

0 20 40 60
miles

Rise rote'. 5000 ft/hr

52.552.5
52.5

47.4

47.5

42,5

42.51
42.5

37.5
S3\ 37,0.B 1759 2, .8

7.5.
S, 2.5 3?2.5 2..5

75 312.5

12.5 172". 1 .
'.5 2-2.5 17.5 17.5 27.5

17,5 222.8

H-Hour H4+3 H+6

Figure 79 . Hodographo for Opernt-ozn tEDWTNG - Erie.
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O1,i!:IT'rON ]MU;])\W;I NO - - ino]e

1'11G til:o GMRIV tiponnor: JAMl
IATI!;: 6 Jun 195 Jn 0J)*
'JIMN: 1.255PJ 0055 SITE: PO - Eniwetok Irenu

110 40' 35" N
16". 13 ' 02" E

1III'iIG1Fr OF 131 1,2': 4.5 ft

TYPE OF IUI1M,1T AND PIA(Il1'•T:
Surfuce burnt in wutcr tank
over Cox-al. eill

CLOUD TrOP lu!TG]rr: 16O000 ft MSL
CLOUD BOTi'OM ,'aONrI: 9,000 ft M1L

Only island dose-rate readings are available. These were obtained

from aerILalnd ground c.urwvy; made by the Radiological 'Safety
organizution. Te t decay approximation waa used tu extrapolateF, the dodo-rate readings to 114+. hour.
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TA]JE 23 ENSIWMPOK WI ND ]\TA FOR 011I.UIATION MOWZING - I.MMINOLEP

Altitude 11-]. hour It-hour +I,, houro 11k+5 hour
(._ 3I1) Dir N]vod Dir Speed Dir 1peod Dir SIped
fect degrees mph degreos mph degrees luph degrees mph

Surface 100 13 100 J2 090 09 080 12
1,000 090 16 o0 15 o8o 1.4 070 20
2,000 090 16 090 17 090 20 070 20
3,ooo 090 18 090 18 090 17 100 20
4, ooo 090 3.8 09o 17 080 4 100 20
5,000 090 18 090 17 080 ]:I 090 17
6,000 100 15 09o 15 080 34 080 16
7,000 100 10 100 12 100 14 080 09
8,000 100 10 110 12 120 14 100 08
9,000 090 13 090 13 100 14 110 08

1oo00 090 14 090 2. 080 VI 09o 08
12,000 090 12 080 10 070 08 100 07
14,000 090 05 o90 06 1,90 09 11o 02
15,0,0 -o -- (ioo) (o6) (1oo) (09) (CoA) (Calm)
16,000 100 05 .00 o6 100 09 Calm Calm
18,o00 110 02 110 03 10 05 Ca Im Calm
20,000 o0o 08 060 09 090 10 -160 07
25,000 030 09 110 13 260 21 2110 05
30,O00 250 14 250 17 240 23 24o 14
35P,)00 250 23 24o 23 230 23 220 2.7
,0,ooo 240 20 240 20 P-30 2). 230 16

45,000 250 27 250 30 260 23 250 2)
50,000 260 18 26o 20 1270 21 27-'0 13
55,oC 0 36o 05 340 05 300 05 290 09

60,000 090 13 080 12 o60 10 1P.0 05
70,000 070 45 080 47 090 49 090 52

75,000 090 60 090 60 100 61 100 56
80,000 090 63 090 63 090 76 100 64
85,000 100 75 100 '6 090 79 100 74
90,000 100 77 100 79 090 84 090 71
93,O00 ... .. ... . 090 84 090 71
95,000 100 81 100 80 .... .. ... .

00, O0Q 100 68 3.00 68 .. .. .

NOTES:
1. NMunber in parentheses are estimated vnlues.
2. Tropopause height was 5P,2300 ft MSL. (Refererice 149).
3. Wind data was obtained by the weather station on Eniwetok Island.
4. 11-hour values were interpolatud from diuti tuken at 11-1 hour and

JI-+2 hours.
5. AL the surfuce the air pr;mnure was 14.614 pal, the temperature

30.50(, the dvw point 24.'Y('C ;v, the re1stive humidity '(!t%.

130



S~H-Hour

•i~~ ~ 42. 4.552

22.8 SC $ ALE

H÷• 0 20 40
H+2 wiltes

1.. RIte rot.: 5000tt/hr

+.5 .

27.5, I.5-O-C

• Figure 81.• Hodographu for Operation REDW/ING - Seminole.
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OPIMrATIO1 RE].VING -Flathead

rI'(, TI me GN•P Spons~or. LA.L
DA'T': 12. Jun 1.9•)U, 1i Jun 1956o, IA
TlMN: 0626 3,826 SIT_' PPCG - Bikini - 5),000 ft south ."A

of Do(?
3.2 36' 00" N

165° ,.,qI' 05" E
Site elevation: ,1.ka Level

HEIGGhT OF BURST: 15 1-,,

TIPE OF BUOiOT AND VIACIN•_1vT:
Surface burst from barge on
water; center of gravity
approx. 15 ft above surface 44
of water; water depth 11" ft

CLOUD TOP IfEIGIr.P: 65,700 ft 14SL
CIOUD BIU M ]HE'lI:] 38,600 ft MSL

.1
IONAR.M/IKS:

The on-site fallout pattern was drawn from island readings taken
by scientific projects supplemented by fallout sample collection on
raftst and barges in the lagoon. Actual field decay measurements, which
indicated a decay exponent were used to extrapolate the
dosc-rate readings to 11+1 hour.

The off-site fallout pattern was drawn from oceanographic surveys.
The oceanographic surveys used detector probes for measuring the dose-
rate at depths to an, below the thermocline. Water-sampling equipment
was used for the taking of sutrface samples and for the collection of
samp,:s from any desired depth. The dose-rate rcndirgs were extrapolated
to 1141. hour y us.ng the decay mceasuruments of the samples .-ol..ected.
Very little of' the fallout should have been associated with 1solid
particles largo cr.ough to penetrate below the thurinoc).1rie.
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5 11

4-

150

15010500510

Distance from GZ, Stlli~tg Mt1ws
Figure 83 .Operation PEDWING - Flathea~d

Off-site dose ra~te contouirs in r/hr at H-1-. hoixr.
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Figxure 84 *Cloud Dimensionsr: Operation HEDWTNG - Flathead.
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T.LABLE 24 DOOM. VILD rAA OU 0] -MlAJ ION 13IM -)IN iPIAMM1I'AD

d,0 I7 21 D.60

2,000c 070 18 080 27. 080 ;201 000 21 050 215

h0ooo 080 1116 10 V 90 P 070 N 00 QI
.joo 050 0490) 1 0oc) 5 0.o 060 14

8,000 080 16 090 10 090 .10 070 18 070 09
9,000 080 .10r :090 09 100 083 070 07 060 16

10,000 090 09 100 08 100 04 050 16 060 05'
12,00 090 08) 090 07 090 05 090 08 100( 64
140000 0.10 03 P. 12 0 0 0 13 0 06 0'i 082. 0oub Ct

16i,0oo 021.0 02 110 06 160 08 0o30 03 170 05
18,000 110 o6 .130 10 15() 14 100 o6 070 04
20,000 160 09 160 12 160 13 1.50 07( 180 07
25,0000 050 III 1 )20 V7 1o 120 130.4 1lbo 12

*30,000 2.10 12. 200 17 2y00 121 200 15 200 16
35,000)( 2110 14 2r0 14 250 114 25 0 15 20) P I
40,00 oo 2160 22P 2ý4( 21 230 21 20 2P V(0 21
45,000 220 2 2 2.30 21 240 210 270 18 310 18
50,000 300 15 340 15 y~o 15 330 1I4 0.30 15
55t,,000 070 14 09) 1V 100 20 0'(0 21 300 20
60 ,000j 090 28 09c) 28 1.00 P3 090 16

,5,ooo 100 28 100 28 -- 080 in 080 25
70,000 100 33 100 3.3 --- o!'k 40 080 37
75.,000 09o 46 090 h6 080 46 080 Tr 5
80,00 --O.. --- o--- 08 63 090 6

85)OO --- -- -- - 090 64 060 6

go0oo -- .0c) 5 080 59
91,000 -- - -- 6--- - -- - 0 69

00 --- --- - 90 56 -- -

NOTE3S1:
1 1. Tropopnurse he ight w&13 ~48900 f't KM~ at 11-hour.
2. Wind data war, obtaiined on boatrd the, U. S. S. Curtius.
3. 1l-hour vaiu,ý were interpoluted t'ron data taltan at 11-4' lourn and

H+1V hours.
Ii. At fl-hour -the nea levu2. premLiure 'wau 1012.9 mh, the teurparrit'.Arn 82,.0%,O

the (low Point 7 6 . 0 `Fp and the relittive hulu'lddty 82.0%.
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ii

"SCALEi L~u ll),,II ,IJ
0 20 40 60

R.. .. mlloo

Rise rate;0O0Oft/ht

47,5

775 72.5475 4f

2z,5"93 C7,5_

0- 37,5 52.
32 5 ,

625 ,5 42. 6z_

02.5
P 3215 3 7,5 27.5

2715
22.5 2215

.75 71 1
1,1215 -4IS

I 2.5 7.5 8~

H-Hour H + 1'/2,

42.5 47.5 3 42.5

•, i37.5

"6. ' ' b . 275?G?.5 575 47.
fc -~ r( 57. 1257.5

62.072.5
27.5 SO- 77.5 22,5 0

a 2.517.5
22.5% 4  2.5 12 2.~5 '

17.5 12.52

H +3 Y +5/
iplf!um'u 8.5 . ilodt'.v jlh Vor Oj i on BB~I( ~ ~ ~ v d
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11) '10 TP.Ina (IRV tlpoiioor: JAMIJ
DY1\41j". 34.1 .Jwu L9,) 11. Juno P))(

T3MIJ: 0626 3.826 11,01": P10 - PEIliweatok -Yvomnio

I~ :33 011, N

01tv olvt'- Sou ;f'Ove

01o1 :-rutlo rudii U. J-ouL :wir. ti ~vy u '~1~ Min ove woron otaii Trtu.

Vired wion c'trau I. 2 .oinol t, 11. .1rn;Lt pinPrimril2y to tho rihot I o1lland
Jiowevur) ithu )hOt". iVow( CUd(wT.i hiLthJ.y vodmtnirgiatod from thu
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T1AME 25 1xN:LWKIP0"0 WIND. DMI~''A V"ON 0kIN1 1.9P'IY or! I I~D NO 3A CXI'00P

-i 01¶r 1!) T3F *'1 pea( DIr fi11Kvod rilr !icd
d.''rut u t1l])h dugivoii bnph di.i(rcua inph dogrocco mph

Olurl'u(c.? 090o l~j 330 14 11.0 15 050 14
1,000 Ocy) iij 070 OS 080 1.8 080 18
P),0()) 090( 115 00o :r.6 080 16 0'(0 17
3,000u 200 L9) it 090 5 q 16 Ono 14
41,000 300 1.8 100 1.5 ()0 Wo~ 1,08 .2
5,000 100 15 300 1)4 00 1.3 080 13
6,ooo 100 1.3 090 15 1.00 12P 080 12

'()000 100 12P 090 14 1.00 12 080 12
t 0 00o 100 13If 090j 33 100 13 100 13
9,000 090) 01) 090 TI 100 13 100 13

1o0,000 070 09g 00 07( 090 10 100 3
32,000w 080 09 090) 07 2.00 09 100 08
14,000 0%) 08 120 10 1.00 ()9 1.00 09
1ý5,(X (09o) (o,)) 1(ico) (2.0) (200o) (08) (,120) (06)
16,00w 090'Y 09 090) 1P 11.0 0'( 12.0 07

I (u 070 1.6 080 09 UYo 12 10 0,) 6
'm,000 07(0 09 07(0 09 09TI 12 100 13

25,00) 090 1.0 22 21 13.6 12 150 09I
30,000 050 08 050o 0'( 1140 2.2 J.70 10
.315 000 "280 1.4 9140 3P P0 "26 240 K8
h0,000 '240 35 ') r) 1 28 2110 2 3 230 23
4~ 5CU 214 "'o 3 25)( 17 030 09 C-90 P3
50,000) 310 22 03W 13 090 16 0o0 12
52, 000 - - -- -- - -

300 - 030 20 --- 020 23
55 0(X) 090 20 -- 100 18 --- -

60,000 120 26 --- 100 20ý' ... -

65,ooo 060 17 - 080 17 -

7o 0o 090 o 36 0- o0 50 ---
-(3,0000 00 36 ---- -

trhl000 -- -- w- 9 59 -- -

80,00 --- -- -- 090 59 --- -

82)000 --- 61- (9

I. Numbero in p~irenth~eao are estimated vulues.-
2. Trupupauue h1010t wais 52,500 ft MOL.
3. WiIn dat~a was o'htaincd by the wcathror t~tatiuii on Xiiiwetok Island.

4+. At If-hour the uvn a .vol. prewiuru wati 3.01" .5 mb, the tcvTpoi'ature

81 .1c, the dcw poinit '(5.80 FP and the roistive hiumidity 84.o1A.
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7. 5.5

SCALE
LI,_,1J 4.2.5

"0 10 20 30 40

miles

Rise roto', 5000 ft/hr

H +6 0 z

32.5 
32'

275 276 ••.5

22.5 22.5 2
22,5 37,5

17.5 175 1.75 5.

, 42.5.12.5 12.5

! 
42,5

i 4 7 .4 7 .5
75

2.5 47.5 2. 5 5-'52.5
S, 

S 

47.5 
S

iii 52.5

H-Hour H+ 2 2  H• I-• 2

Fiurc 87 . Iodotkraphr. for Oporrtion RETDW.IUG - Mackfoot.
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OI'EIEXION PODWI NG Kickalpoo

PM, Time GMI

DATE: 3June 1956 13 June 195% Sponsor: UCRI,
TIME: 1126 2326

SITE: PII - Eniwetok - Sally
110 30' 38" N'167" 19' li" E

Site elevation: Sea Level

HEIGHT 0V BURST: 300 ft

TYPE OF BURST AND PLACEMENT:
Tower burst over corul soil

CLOUD TOP HEIGHT: 16,000 ft YkcL
CLOUD BOTTOM HEIGHT: 11,000 ft MSL

REMARKS: Only island dose-rate readings are available. These were
obt.•inec from aerial and ground surveys made by the RadioloGical Safety
OrganlizatIon. The t-"2 decay approximation was uued to extrr.poiate the
dose-rate rvadingsi to 11+. hour. Heavy contamination was encounLtred only
on Sally, the shot island. Significant alpha (plutonium) conta-miir.tion
was aloe found on the shot island.
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I RNCNOR~TH PACmfC OCEAN
EDNA

DAISYJAE

CLARAKATE

ALICCI 35 40NtC
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Figure 88. Operaition PEUY4TNG -Kickrcpoo.

Island doc~e rnateo in M/ir atit H+1 hour.
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VA
TABLE 26 ENIWETOK WIND DATA FOR OPERATION MODWING KICKAPOO

AI.titude 11-hour H3 o 114-3-%hut huurs
K1SL) -- Tr -Speed Dir Speed Dii" Speed

feet degrees mph degrees mph degrees mph

Surface 080 12 050 12 080 12
1,000 O9 12 090 12 090 14
2,000 090 14 090 14 090 14
3,000 090 17 090 17 1e00 1
4,O00 090 16 100 15 090 13
5,000 100 14 100 13 090 10
6,ooo 120 12 120 12 070 08
7,000 100 0o 7 120 12 080 07
8,000 080 o6 100 12 o08o 07
9,000 060 09 100 12 070 08
10,000 030 10 070 03 060 09
.2,o000 030 13 040 .05 060 05
14,000 030 10 020 07 050 05
15,000 (o3o) (08) (020) (09) (o0o) (06)
16,000 020 06 020 13 O)O 07
18,000 020 12 020 09 040 12
20,000 O70 12 050 07 020 14
25,000 030 10 04o 15 030 23
30,000 360 09 350 17 010 15
35,000 350 12 350 18 040 15
40,000 360 20 020 18 030 15
45,ooo 350 22 020 24 34Q 23
50,000 340 24 250 z6 350 29
55,000 060 26 050 32 060 30
60,000 080 24 090 16 070 25
65,000 3.00 31 110 37 100 39
70,000 090 46 090 51 090 51
75,000 090 77 100 61 100 56
80,000 100 74 100 69 090 65
81,000 -- - -..- -- 090 65
85,000 100 71 090 79 ...--
90,000 090 83 090 80 ..
98,000 100 90 090 86
95,000 100 90 090 86 ..

100,000 ---. - 090 68 ---
102o000 .. 090 68 ..
NOMES:
1. NtMunbers in parentheses are est-imated values.
2. Tropopause height wau 53,100 ft MSL.
3. Wind data was obtained by weather station on Eniwetok Island.
4. At the surface the air presrure was 14.65 psi, the temperatu:-..

?.9.°0C, the relativw humidity 714.
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SCALE

0 10 20:30
miles 52.5

Rise rato : 5000 ft/hr

52.50..47.

•:42.5 425

S37 
32.5I

37.54
32.5 

27.5 
1

32.55

27.5 27.5 2.22.5 
22.5 

5

,7.5 17 .5 135
•,. 

5 

J

.52.5 
2.2.5

Ss 

s 22 .5

•,H--Hour 2'- H+9 1

S~Figure 89. 1Iodogr,•ph• for Oporation REDWING - Kickapoo •
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OIPERIATION IWDWING - O (tac

PPG Time GMT"
DATE': n 19566 Jun ,1956 Sponsor: LASL
TIM--: 1314 0114

SITE: PPG - Eniwetok - Yvonne
110 32' 48" N

1620 21' 39" E
Site elevation: Sea Level

IIIGIHT OF BURST: 670 -• 35 ft

TYPE OF BURST AND PLACEMENT:
Air burst over corl toil

CLOUD TOP ]IFIGhT: 21,000 ft ?43L

CLOUD BOTTOM HE.'GIIT: 17,000 ft MSL

REMABKS: No significant contwidination was observed.
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STABIJE, 27 ENJ:WET'OK WIND DATA ]rOl -OI2BATION HITWING -SA(E

Altitude h•_• r.;, l1-bour i+(5-,,ur8 175 1 mm iourti
(11,31L) D.i Spved Dir Speed. Di r S,.eed Dir .rxevd
c .fut deL~r-es. mph dcgree mpu cie2grcot mph (dugre.co 111ph

Su.facc 150 ill 150 .h 1.60 1.6 1W0 1.5
1, 000 130 16 J.30 16 160 12
2,000 130 18 140 17 ---.. 190 .12
3,000 130 18 140 17 .... .. 190 12
14,000 1240 18 150 17 --- 190 09
5,000 150 17 150 16190 10
6, co0) 160 16 160 16 ... .. 190 13
7, COO ].70 14 17C 14 ... .. 1.90 13
8 000 180 09 .180 09 --- 1901o 0
9,000 180 09 180 09 ---.. 190 05

10,000 170 12 170 10 --- . 170 07
12,O00 220 33 220 1? ... .. 180 07
14,000 230 14 230 14 ... .. ?3)0 09
1r,5,oo0 00 -- (23o) (14) ---... ...
16,o00 21.0 15 2)0 13 ... .. 200 07
3.8, 000 200 12 200 12 ... .. 00 07 ]
20,000 200 07 300 07 --- 180 05
P5,000 230 05 ?,30 05 --- 180 012
30,000 020 05 030 05 080 06 .180 0o
35,000 030 15 040 15 090 4 360 05
,.o0, 000 050 26 050 25 010 18 010 I

",45,0ooo 160 07 150 09 050 3, -•-.
50,000 i10 14 120 1.4 230 22 ..
55,000 1.40 07 140 07 120 07 ... .. -

60,O00 1340 07 1.30 :1.2 09,)0 h0 -.
(, NO.TES

1. Niumbers in parentheses are estimatcd vwiucs.
,. Tropopauve height was 51,500 ft 143L.

3. Wind 1ata was obtained by the weather station on Eniwetok lsland,
4i. fl-hour vajues above 30,000 fL were interpolated from data takcn

at ii-4 hours and H+12 hours.
5. At thc surface the air presr.-re was 14.63 psi., the temperature 29.°c,

and the ielative humidity 74,.

a,
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SCALEI
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mllos 2.
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Figure go. Hodogr.pb for Operation REDWflTG - Osage
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OTPERAU.TION 10IDWING - Inca

PPO Ti m' GMT
DATE� 22 June 195- 21 June 1956 Sponsor: UCRL

T:[M},'•,: 0•6 1-56 =

"31TE: PPG - Ezhiwetok - Pearl
- 11- 37V 53" N

162?, 17' 5CG" E
Site elevation: Sea 1/-,vel

H1PIGIIT OF BURST: 200 ft

TYPE O' •.MST AND PTACME,,NT:
Tower burst ove±' coral ooil

CLOUD TOP hEIGHT: 42,000 ft IISL
CLOUD IBOTTOM }EIGHT: 30,000 ft MSL

REMARKS: Only island dose-rate readings are ava:ltable. These were
obtained from aerial and ground surveys made by the Radiological Safety
Organizat.ion. The t- 1 .' de:eay approximation was used to extrapolate
the dose ru-e readings to 11+1 hour. Heavy contamination resulted only
on the shot lland.
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IHELN& NOR'.i PACIFIC OCEAN
EDNA

DAISY AE

CLARA Bob KAe MR

ALCEEL, 5L 9 LUCY M~ :ARL!-CALL

~~Im- -dSOLIVE RUDlY
~~..--" 'FA -URUL
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KEITH

4AMESFRED

Figure 91. Operation REDWING - Inca.

Islandl dose rcr'en~ in r/hr at 11+1 hour*.
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TABLEX 28 I, VM!"TOK WIND DATA FOR 0'1811ATI0N i'YULIRN- INCA

4Tt•i. 1I 1(l�) 11-hoivII~¶uu L1, 1)•1 F' Uipood J) ,xo

SSurface 150 12 14o 14 1.1.0 18 090 32 090 18
1,000 100 20 100 20 090 21 080 21 080 16
2,000 100 22 100 z 3 o5(K 24 090 23 000 20
3,ooo 110 26 100 26 oo 28 100 2 9 080 26
4,ooo 110 29 100 29 090 28 100 29 080 26
t,0oo 110 29 100 29 090 29 100 29 080 23

6,000 110 29 110 29 100 30 100 28 090 20
7,ooo 100 29 100 Z9 100 30 100 24 090 17
8,000 100 29 100 30 100 31 100 24 110o 2
9,000 090 29 090 ""9 100 29 100 24 l1o 0ý

10,000 090 29 090 28 100 21 .00 20 100o 24
12,000 090 29 090 28 100 2 4 090 20 090 21
14,ooo 100 29 100 26 100 23 0.9 22 100 23
15,000 (100) (28) (ioo) (26) (100) (23) (i10) (21) (1oo) (22)
16,000 100 28 100 26 100 P3 100 21 100 22
18,OU0 080 24 080 P,4 0(0K) 23 110 20 090 22
20,000 080) 2P, 080 23 000 ,.,6 100 22 OP0 20
25,000 010 25 020 22 cP J. .1.6 010 13 o4o 09
30,000 2'40 18 220 16 170 121 180 14 150 13
35,000 210 25 200 23 170 1.7 1(0 114 210 10
4o,ooo 210 30 2.1.0 29 200 26 270 17 260 30
45,000 230 36 240 36 260 35 270 31 300 26
50,000 ... .. 300 23 320 24 0 0 17 100 13
5)5,000 - - 350 22 330 21 110 21 110 14
60,o00 .. . . .- -.- - 100 25 090 24
65,ooo . -.. .. .. .. .. 100 29 080 24
70,000 ---.. . .. . .. . 090 49 lo 5)r
75,5000 ... . ... . .. . 100 53 100 42
80,000 -- --.. . . .. . . 110 49 100 b.3
85,000 .. .. .. . .. . 100 54 090 56
90,000 ... .. ... .. ... .. o9 83 o09 74
95,000 (0) 5S.... c90 97 090 44
97,000 .. . .. . .. . .. 100 43

100,000 ------ - -100 _85 ----

1. Numbers in parentheses are estimated values.
2. Tropopwupe height was 54.,)400 ft MSL at H'+5 hours.
3. Wind data was obtained by the weiither s;tation on Eniwetok IL:land.
4. H-hour values were InLcrpolated from data taken at 11-1 hour and 11+2 hours.
5. At the surface the ,Ar prec.,;ure war, 14.63 psi, the temperature 28.60C And

the rlative humidity 81%.
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C]'1fl1ATI.ON Ill-w:V13-11 Wk ta

____1;Y' o Ti.' IN GII 0,111ro1: PIc A UM ,Ofl'

'jiM';: I v(11(; vu.06 ~ ~ '~ X~ W ]31ki Slat. le-7100

1f-:01TOFL 01'IT" DpTlo

MIV OV Ml' AN10~A", N V

mrV I., b-l-nt irvoti bavgu Uri wu tel

COUTI~) PO'iTJOM 11rJ'ac)IT: 55,)000 Vt 1v$'ll

Only ioalnd dose-ratc jv'dtjirit, nic availablo. Thu(:y worc, o1btalned fvow
aerial. and grouid amrveyri mide- by thu 14adlcol.1 cal. FIclaf-y Oi-j-nn i/Lvttlcfl
T) m t -1 * 2 (luI(.(:y UiPP2-o): T~tl~ Ul'l W1a0 uI:,ud to exti-apol ai Lf 1ie (1(,L~c rata
x-caud 1ng to H1-1. houur. T hI nho I. produced Ict nn c"'i tain inati on on LOic
irflaidu than c~xpected. llowevur, tho wat~vi- adjaocntA to the nortlinm
inlandca was he.av I. .I.y conlamnalni.itc
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-TropopousS Height +
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Figure 94. Cloud Dimensions: Operation IREDWING -Daikuta
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TAUPI. 29 BIKINI WIND DATA FOR OPERATION RE'DWING- DAKOTA

-Afti tid .... hr:; - hrf 1 11-1+3 hi1; H.•i hr v

LdMIS'4 Dir pe. . S3pved Dir.."pec DrSvd Dir Ope

'feet deg n mph deg iiiph deg riph deg rnph deg mph

Surface 070 17 080 21 090 17 080 15 090 18
1,000 070 17 080 1,i . 070 18 090 17

,000 06 13 080 18 080 2. 100 21
3,000 080 13 080 18 110 21 090 231 25
4,000 080 16 070 17 110 17 100 22 090 26

5,oooO 10 15 070 17 100 1 100 J-7 909 00
6,000 120 18 090 15 1oo 16 110 13 080 17
7,000 110 18 080 13 lo0 14 110 15 100 16
8,000 120 15 l10 17 1.0 16 110 17j 110 18
9,000 130 13 110 18 12o 16 100 18 100 20

10,000 130 14 lo0 14 12o 16 100 17 100 16
12,000 120 12 110 15 110 15 120 10 090 16
14,000 060 06 100 13 130 15 080 12 080 10

16,o0o 310 05 080 07 160 09 090 07 100 0718,000 190 06 210 10 190 09 240 07 210 05

20,000 250 08 210 07 21o 14 200 09 210 09
25,000 270 08 z40 25 230 i8 250 17 250 2330,000 230 14 240 33 z•0 25 260 27 260 26
35,000 250 25 250 32 240 51 24o 45 230 48
4o,ooo 25o 41. 240 45 250 51 240 54 230 54
45,000 250 58 250 35 250 57 260 60 z60 48
50,000 270 35 250 54 280 35 270 53 250 22
55,000 080 09 .. . 090 08 -.... 130 10
60,00 1O00 22 loo i10 16 080 28
65,000 080 33 .. . 080 39 090 28
70,000 100 45 ... .. 080 39 090 40
75,000 080 58 ... . 08o 62 100 58
80,000 O09o 63 .. . 100 74 090 71
85,000 090 8). - . . 09o 85 090 87
9oo0o 10o0 89 ... o -'

1. Tropl...pause height was 541,200 ft MSL at }!+9 hours,
2. Wind data war obtainld on board the U.S.S. Curtics.
3. At H-hour the sea level pressure was 1009.1 mb, the temperature

82.0°F, the dew point 75.0°F and the relative humidity 80.0%.
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OP'ERATION RODWING - Mohawk

PU Ti me GMI'
DATE: 3 Jul 1956 2 Jul 1956 SPOnsor: UCRL
TI'-E: 0606 i8o6

SITE: P1G - Eniwetok - Ruby
110 30' 38" N

1620 18' 39" E
Site elevation: Sea level

HEIGHT OF BURST: 300 ft

TYPE OF BURST AND PLACEMENT:
Tower burst over coral soil

CLOUD TOP HEIGUHT: 65,000 ft MSL
CLOUD B(JI'OM HIEIGHIT: k2,000o ft MSL

REMARKS: The dou.e-rate readin[a on the islands of the atoll were
taken by aerial and ground surveys of sc•intific projects between 11+9
hours and 11+56 hours. Tne experimentally d.etcrmined ganmna field decay
exponent .,aa used io extrapolate tie dose rate readings to
H+l hour. Extremely heavy local contam.naticti resulted on Ruby. In
addition, signilicant. amounts of contaminution were deposited on the
northern i;slands of the atoll. The readings taken between sites, Janet
and Olivc, were corrected for the small dose rates observed there before
the shot. No such corrections were applied to sites, Pearl and Sally,
because the contamination from shot Mohawk was so heavy that the pre-
shot dose rates could be neglected. The readings in the vicinity of
the crater were taken between H+32 hours and H+56 hourn. The average
field decay exponent was used to exthapolate the readings
"to 11+1 hour. Approximately 2 hours after detonation, light fallout
Estarted on Elmur and continued fur one hour. Peak intensity was 22 mr/hr.
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= F.:gure 96. Operation REIWING - ?b~havk.

Island dose rates in r/hr, at H41 hour.
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Figure 98. Cloud Dimiensions: Operation REDWING - Mohawk
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TAmI11 30 BMIWEaTOK WIND DATA FOR OPNIM1ION REDWING - MOJL4WK

A.t.i.tudo 11-3 hourn; lI-hour 11+3 hiuur; 11+6 hours
(M?1,L) DJr SFpeed Diir o3,d Dir 2, Speed Dir peed .
feet degrees mph degrees mph do•rcer mph degrees mph

Surface 130 28 130 21. 1)0 18 130 18
1,000 .10 24 110 18 090 1.8 O0 20
2,0M0 110 24 10 23 100 23 090 21.
3,000 3.00 26 110 26 120 25 090 23
4,000 100 22 110 30 120 25 090 23
5,000 110 20 1i.0 37 120 26 100 23

6,000 10 23 120 35 120 21 110 23
7,000 22 120 29 110 16 1.30 21I
8,000 uu 20 120 22 10O 18 120 26
9,000 090 16 100 16 100 18 120 26

10,000 080 15 060 15 090 16 .00 25
12,OO0 070 12 070 18 060 18 070 16
14,000 o4o 07 050 18 030 17 050 14
15,000 --- -- (020) (16) (010) (17) (020) (13)
16,ooo 090 09 350 14 350 1.7 360 13
18,OC' 120 10 280 09 070 08 020 09
20ooo 14o 20 210 03 090 3.2 070 10
25,000 270 10 160 06 130 07 220 14
30,000 260 29 150 14 190 20 210 22
35,000 240 36 180 2)4 200 32 220 32
40,000 240 54 230 32 220 44 220 38
45,000 250 51 250 45 240 40 230 35
50,000 270 32 270 32 260 32 250 25
55,000 170 09 16o 08 150 07 150 18
60,000 100 10 100 20 13.0 29 090 24
65,000 --- -- --- -- 090 35 100 38
70,000 ... .. ... .. 100 48 100 )'5
75,000 --- ... .. .. .00 100 52
80,00oo --- 100 65 100 56 /
82,ooo ... .. ... .. ... .. 100 56 6
85,000 ... .. ... . 100 61 --- -.
90,000 ---... .. .. 090 74 ---... /
95,000 ---... O00 79 ---..-

100,000 --- ... .. 090 88 ... .. I
102,000 ... .. ... . 090 88 ... ..

1. Numbers In parentheses arc estimated values.
2. Tropopauce height was 56,800 ft PISI]..
3. Wind dita was ob.tIncd by thb weather' station on Eniwetok Island.
14. H-hour values interpo].at.ed for 145,000 fL; and above from 1H-3 hours /

avid 1113 10our1: data.
5. Ai, the -;urfac'e thc. air pressure was lI).6!i Tp,;•i, Lhe tempeiuture 26.5,C

dew point '2.800 and the reoutive l• unidity 8-/
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[OPIMTIl.ON RPVNG Apache

)PPG' T~imne G"r.) ponso1r: UCIU,

TI.MI':: 0606 18o6 rjJT]-: PPG - Eniwot-u) - Flora'
11L1 0  17 .'" N

.161-0 121 0)1" B

HIEIGHTI OF 13B-IMI: Surfa~ce

TYPE' 0'1*- BITY AND 1TA C1'74UNT:
Burfh ce btrinL Lnurm barge o.n

wate-r over the 3N ikr' cicater

(ThOUD 'POP IfTLFUir': 66,yoo rt Ii1
CLOUD I0OM wc;n:36,000 ft. mi3,

Only island dose rate rai;sarc, avaLiable. The~se were irLken by

neria). and ground Lsurveys, naxie by thle Rladiologi cal. S2afety ortaniizalion.
The t decay approximatiLb:on was u:;e-d to cxtropcolate 1Jn )e drc rateý.

readingsL! to H1+1. hour. This shot proJiicod cxcepWi onnAly hecavy c~ont~aillation
throughO6uL the upper islands of the atoll.. Water in the norLh enid of'

the lagoon was; hitghly cunitarnLna -.d for a considerablc distance from the/

shot island, and as the nilt and debris, were ,noved out- by lagoon civr~ents,f
the contamination sprtead widely.
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TABLE 31 M'.IWPfOK WIND IDATA FOR OPIitATION R1,),.VIIC- APACHE

Al.titude 11-I holir H-hou1-.. hour Th+'l , hours 1I49 hourn
S(Ms) DIxr SI.Žd Dir ,peOTd Dir 0ieed 1)ir ,SeTd Dir Pe Cd

feet degrees MIh dcgree, h mph dorct:- mph degr:ees wph degrmee inph

Surface 070 12 070 12 070 12 070 15 090 1L4
1,000 070 14 070 16 060 20 080 21 080 16
2,000 0,70 14 070 18 070 23 080 23 090 17
3,ooo 080 12 080 17 070 24 090 23 090 24
4,000 100 15 090 20 o8o P6 090 23 100 28
5,000 oo00 15 100 23 100 31 090 23 100 25
6,ooo 110 15 110 18 110 22 090 21 100 2h
7,000 110 17 110 18 120 21 090 21 100 21
8,000 130 16 120 22 100 22. 100 21 100 21
9,000 130 18 130 21 130 23 110 22. 110 20

10,000 14o 18 14o 21 140 23 i:O 21 110 20
12,000 150 09 150 10 1.40 13 110 15 110 18
14,ooo 12o 02 120 03 2.10 06 16o 02 100 12
16,000 060 07 060 06 06o 05 230 07 130 12
18,0oo 040 05 020 05 350 05 310 02 300 09
P0,00 050 02 030 05 020 07 020 05 360 09
25,000 230 07 190 08 160 09 230 07 320 2.2
30oooo 300 1.0 270 10 250 09 180 09 2.10 13
35,000 110 24 00 1 210 15 210 ]). 210 20
4o,ooo 310 10 290 09 280 07 220 07 210 15
45,OOO 280 16 270 16 260 17 250 28 230 28
50,000 1-K) 17 220 26 230 37 220 35 230 31
55,000 1.80 28 160 23 --- - 090 O. 160 36
60,000 100 30 I00 30 - - . o90 32 080 4.1 h
65,000 080 39 080 39 ... .. 090 h i 100 46
70,000 . ...-- - -- -- 100 44 100 55
75,000 .. 100 54 090 54
80,000 0. . .. . . . 090 72 090 71
89,000 --- 090 108 --- --
90,000 - - 1 0
93,000 ... .. ... .. ... .. ... . 110 96 :1

NOTES:
1. Nubors in parentheses are estimated values.
2. Tropopause height was 52,00 ft MI at H-3 hours.
3. Wind data was obtained by the weather station on En.vetok island.
4. 11-hour values ioterpolated; H-i hour tind 11+1 hour dato was used or

su.fuce through 50,000 ft; 11-I hour and 11-141- hours data was used for
55,000 ft and above.

5. At the surface the air pressure was Vi.63 Psi, the temperature 26.8 0 C,
the dew point 23.9"C, arid the relatlve hu.L:ldity 8M%.
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OPERATION REDWING - Navajo

PPG Time C94T Sponsor: IASL
rA~TE': 11 Ju 1956 10 Jul 1956
Ira.': 0556 1756 SITES PPG - Bikini - South of Dog

110 39' 48" N
1650 23' 14" E

Site elevation: Sea level

HEIGHT OF BURST: 15 ft

TYPE OF BURST AND PIACEMENT:
Surface burst from barge on
water; center of gravity
approx. 15 ft above surface
of water; depth to bottom-215 ft

CLOUD TOP HEIGHT: 85,000 ft MSL
CLOUD BOTTOM HEIGHT: 51,200 ft MSL

[I

I
The on-site fallout pattern was drawn from island readings taken by

scientific projects supplemented by fallout sample collections on rafts
and barges in the lagoon. The survey readings were obtained on D-day.
A gamnma decay exponent determined from laboratory gaimma
decay measurementsý, was used to convert the D-day readings to H+l
hour values. Light fallout occurred on Nan approximately 18 hours
after detonation,, with peak gamma intensities of 22 mr/hr.

The off-site fallout pattern was drawn from aerial and oceanographic
surveyst The oceanographic surveys used detector probes for measuring
the dose rate at depths to and below the thermocline. Water sampling
equipment was used for taking of surface samples and for the collection
of samples from any desired depth. The dose rate readings were txtrapo-
lated to 11+1 hour by using the decay measurements of the samples
,ollected.
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#a, 'v lf : b U..4v•: ,:; .•,... T¸- .r. 4 n.r-v-~- ,, • , -W ,hX .U, Il • 4 . ... .2 r r ..

VABLE' 32 BIKINI WIND I'AT MiR 0'CPERATION ]1{DWING - NAVAJO

AJ.titude 1l-hour 1f+3 hours 1i+6 hours 11+9 hiours
.Wb DI r spe•.•d c, 1.)1d ]r S1)ecd MI r .Peed

4 feet degrocs Yaph deg rees m.ph dutr1cc:. mph c(hL'.reeL mph

Surfwce 090 012 090 20 090 21 080 14
1,000 080 214 080 21h .00 .9O 080 1.4
2,000 080 26 080 25 100 2h 090 15
"3,000 080 25 080 29 090 26 100 20
h ,000 080 25 080 26 090 26 110 21.
5,000 080 23 080 214 090 22 110 21
6,ooo 080 21 080 24 100 21 100 21
7,000 080 22 080 24 100 21 100 21
,• 8,000 080 23 090 23 100 21 100 23
9,000 080 22 080 24 090 24 100 23

10,000 080 21 080 22 080 24 090 23
212,000 070 15 080 22 070 23 070 In.
V4,o 00 060 14 070 13 050 17 060 15
15,000 (080) (1.2) (070) (13) (050) (15) (o6o) (15)
16,0oo 100 10 070 3.3 060 .11 050 16
"18,000 100 10 080 10 060 13 070 a-3
20,000 140 09 090 08 1.00 07 090 08

I25,0 180 08 170 09 270 03 070 05
30,000 210 17 240 13 260 Ill 290 1.5
35,000 220 24 270 17 2)10 16 2(0 22
40,000 270 18 260 29 240 32 240 314
"45,000 2)40 35 250 37. 230 142 22,)I 38
50,000 240 33 240 21 240 30 250 314
52,000 230 37 --- --- -- --- --
55,000 -... . 120 114 300 06 050 18
6o,ooo - - . 080 25 110 30 110 25
65,000 o. 090 140 o0 35 080 35
, 70,000 ... .. 080 52 090 47 090 44
'• 72,C0 -- 09 48 ---8
74,000 ... .... .. .-- 090 59

NOT:.S:
1. Nu,.--,rYr In parcnthcses are cstimated values.
2. Wind data was obtained on board the U. S. S. Curtiss.
3. Tropoptuse height was 50,000 ft 4SI4.
14. At 11-houtr the sca level pressure was 1010.2 mb, the temperattre

8!'.2P, the dew point "f4.00 F and the relative humidity 80.0%.
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1651, N01 22 " X' ~

fIAte vc-kvttion: flea leve I

11L111m to 1 ot. Irltin Inuln: 185i Co '90 io Ullcjc 1I[['1:Cl)1 01"' 1BUBT: 15 Vt

"All-P1)i3IIOM 1AVLiriao ba r:., on
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lilhotal) C (iilu1011MIC1 r tkU f nwtu ILMno.: 0x6icrco vw'ill tho: to).] In nyuuthwor ontu

MOr,10iI0Jlpujhe 1I , utuoyn iuerd dcIt.e4'tor 3prul,(ii I'02'l i:,,ULi'IV lh ow utU
tut dv~ t-lit to~ uiid 'klo 1.1 t) (Aic]ivi' c'l(( r.' e1q~*Wi~'t~lU ii uL i t liruot 5.wit)

ui~~~th CorUIu k .l u, vi. ; U mrrti-i uuiuplva and Vi'or t) h(uL oollot.1. Ofl0' &tLil mJt'
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I)34:33 1.1 KINI W1i ND) ]Yi'.i FOR (J1']3MA'ION ]U;].)wi11(1 T IN'1A

(MIST') Td Ar :,pi Dr pd 1) 1)Ifp:d b nPw-'J DIr _____________

re d(ZT Ciurcu~iV kg' mpl, dcrm h 11I doprcu! 1p dc'-fI~rres m11ph

"~urfaYce 0)0 1.5 0.90 1. 6 100 1.5 080 221
)1,000 080 17( 090) i..0016083 13

2),00)0 090 17 100 17T 090 V7 090) 16
3)000 110 :L8 1.00 20 100 24j 090 1
)4,000 11.0 18 100 P2). 100 090 183
5,000 110 1.8 100 2U 090 100 23
6, 000 100 20 ITO0 2 0(x0 22 1.00 2
7 ,00 100 12310 23 090 20 1.00 122

8)000 090 23 100) "? 00 1.8 090 21L
9,0)00 090 22. 110 2 2 09() PJ. (390 1.5

1o, 000 0(C) In0 1.00 .17 090 1.8 090A 15
3200 080 3.( 100 1.5 00 .(80 1.3I

1)4,000 oli0 16 1.00 20 080 2.0 o06 09
:11.),0 (20) (2)(oo .13 00 (1:1.) (odo) (2
1-6,000 1.10 0( 100 1' 090 090 :)
'18, 000 090 1.3 1:3.0 '1, .120)( 13 1.600 0

15,0)000 Y10 01 -. 30 IV .','1 180 07i20 1

f)5uou00 1190 09 200 13 1 05" 15 :~
ho ,ooo 260"( 63 2(ý0 2,j 270( P2o 30

35) ,000 ].1() "'0 2(~ :1., :150 (p) Py1 :01

55,00 110 06 070 0') o8() :1 100 1.Y
6o,coo oo 070 :33 1 37 080 21. 090) pf

6',,000 090 52 100 50) '1.00 1) 300 11
09)O ob8 1.10 ho 1090 090 ow j

YI5,000 - ~ -I-- - 0000 6
y0,))ooo 2.00 6d - 90 6o 090 69.

jwb- 100 090 7 --- -

90,000 ---- - 090 101 -.. -

I3. *Nim~hcrt In4 ]Iai'(lihcut nuv va tfmtc-td va 3,u' i.
I W.1 :d L1ikt.I wkwu obtulned :oi n 2I~c):d t14(. U. C.L.(urL3tm !l.

Tropolrwro o 1,L ww: 52P,000 i. M1,1.,
At 11-1 40( tho Lica :levuv 2)(. MM"C i 'U witt~ 1.00') 3 m'l)) tho~ to(nilp''2tltWr.

'101") tho (1(.w po..inut ('U "1 14111. thlu p.,'.' n Ivv 4r dIl. Y
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O111flATI ON ]311)WING - 1uroil

___ Sioow;cor: A3

]ATE: 0! ,juj.*y P)'56 Pl. Ju:ly (195
TIME: 061.6 1.8 16 S3]:TE-: PP )riwetok -Off Flora

110 Lo' 19" N
16 20 22' 0 9"T

Situ elevation: sea levol

) ,IEIGW 11 UT Surfac

TYPE OF 23iI'T AND PIAC]INE1N'r:j
surfiace burst from barge an
wate r

CJkCMjD) TOP 1DMIGIfl 1: 54)000 ft M.8-1,
CLOUD) 13ivTOM 1'IMCII: 27,000) ft IASI,

Only isl.and dutc-ratLe roradirigs are avavl .abhŽ . These! weor obtained
I~ru-j aolrial, and lyround mnurVeyu 0 IYU1 by thu(. PrtICigU01J'' CLI F2afoty or-p~ni-
zatien. Thu t -* duucay approx nimi.0on war. iincd to oxtrapulatc the dose

q,'rate rea±diiiL3 to 114-1 hiou.r.
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TABLE' 34 NIW]r0YK WIND IDATA I'OM OPERATION EREDWING,- 11U10N

A]).titudu if-hour 11-j1v3urs 1 hours 11+9 1iirs
.(Ms) Dir 81ieed 1.1 r Specd l)r fipcod Dir Eped
fuet cei'oe;; tiph dce,'ees mph dqL',)rce mMph dect. weph

S*urfuce 120 14 0900 18 230 16 1.)10 23
1,000 1.00 2.8 110. 20 110 3), 120 29
2,000 1.00 2.8 .10 2P4 090 VI 31.0 28
3,000 100 18 110 29 200 16 110 32
4,ooo 2.00 18 100 30 06o 15 12.0 35
5,000 110 22 100 29 120 21 1.10 37
6,000 110 22 2.00 28 120 16 o10 38
7,0o00 120 18 100 25 I10 16 110 38
8,000 120 22 090 23 110 :L4 10 35

9,000 110 23 090 25 110 14 100 35
10,000 110 18 100 28 110 1.4 100 35
12,000 110 12 2.10 21 110 V4I O9) 28
14,000 2.20 3.4 3.00 23 080 18 080o 23
15,000 (140) (2.3) (0o9) (23) (110) (13) (080) (16)
16,0o0 16o 12 080 23 1.30 07 080 09
.18,ooou 160 12 070 10 090 15 090 12

20,000 2.50 12 060 09 060 1.8 o8n 07
2,0ooo 170 09 030 05 360 07 010 07
30,000 080 1.6 040 10 1.10 06 120 09
35,000 060 32 050 37 060 1.. 090 24
"40,000 060 4o 050 39 100 09 060 25
"44, 0o0 ---. - 050 39 --- ..-- --
45,)00o0 070 52 - - . 070 08 050 09
50,000 070 08 . 080 15 10 (k) 1
55,000 0(0 23 ... .. 120 13 08o 14, 60,000 100 38 ... . 2.20 20• 090 0

65,ooo 110 51 ... .. 200 P2 090 52
,70,000 090 56 ... .. 110 35 100 53" 75,00 oo00o '(1 ... ..- 090 37 2.00 63

8o,ooo 100 79 ---.. 070 23 .(lo 7e
'85,ooo 1.00 87 --- .090 2 3 O0 82

' 90,00 20O 0 i0' ... .. ... .. ... .

99,000 --- -- ..... 090 117

NOTES:
IT. Numbern in Ixtronthncnez aroe otArotvt',cd valucn.
2:. Tropopaumo height wari 50,000 I' ML at 11-hour.
3. Wind duta wr. obtainod by thu w'mthir station on MNiwotok

". AL thu OUrLfuCc the ni:x prannure Wi.I 14.62 .!iI., the telpurinix turo
2 ,. , 0, t.1w dew pui.nt 21!.5'C anl thi v c'.ative humid:ity 84'}.
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OPERATION }aRDIACK I - Yucca

PPG T ime 4T Sponsor: DOD
DA TE: 2-Apr 1958 28 Apr 1958
TIME: 1440 0240 SITE: PPG - USS Boxer 60 mi

west of Bikini
120 37' 00" N

1630 01' 30" E
Site elevation: Sea level

M, IGHT OF BURST: 86,000 ft

TYPE OF BURST AND PIACP24ENT:
Air burst from free balloon
over water

CYJOUD TOP IEIGHT: N4
CLOUD BOTTOM It2,IGI1r: N4

REMARKS: No fallout

1•' 'I

I
'4
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TABLE 35 BIKINI WIND DATA FOR OPERATION HARDTACK I - Y!CA

Altitude H-hour
S(MSL) ir' Speed
""feet degrees mph

Surface 040 16

i 1,ooo o~3o 'I31000 050 15
23,00 210 15

•',• • , 000 130 09 ,,•

25,000 350 12
06,000 360 13

37,000 150 15
48,000 190 12
45,000 210 0950,000 230 06
12,000 350 12
i4,ooo 380 1515-o OOO (320 (15
16,000 330 16S18,ooo 300 15

S20,000 26o 07
t 25,000 24o 18

30,000 200 13•"35,000 210 32

5o,000 270 0945,ooo 270 51
' 50,000 270 1ýO

55,0oo 270 38
6o,ooo 280 33

S65,00 2o 50 18
S70,ooo 070 15

•.75,)0oo 180 o09

"NOTES:
"- Numbers in parentheses are estimated values.
2. Wind data was taken on board ship located within 30

nautical miles4 of the Tower at Nan Island, Bikini Atoll.

3. Tropopause height was 53,000 ft MSL.
4. At 11-hour the surface air p:ressure was 14.67 psi, the

'itI. temperature 25.7 0 C, the dew point 69.6 0 F, and the relative
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Figure 115~. odograph for Operation HARDTACK I Yucca.
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4• •OPERATION HARDTACK I - Cactus

PPG Time GMT Sponsor: LASL
DTE: 6 May 1958 5 May 1958
TIME: 0615 1815 SITE: PPG - Eniwetok - Yvonne

110 33' 23" N
TOTAL YIELD: 18 kt 1620 21' 15" E

Site elevation: Sea level

FIREBALL DATA: HEIGIH OF BURST: 3 ft
Time to 1st minimum: 12 msec
Time to 2nd maximum: 130 msec TYPE OF BURST AND PIACM4ENT:
Radius at 2nd maximum: 656 ft Surface burst - Platform on

coral soil
CRATER DATA:

Diameter: 34o ft CLOUD TOP 1UMIGRT: 19,000 ft MSL
Depth: 34.5 ft CLOUD B(YIiM HlUGHT: O: 4
Lip Height: 8 to 14 ft
Lip Width: 115 t, 170 ft

REMARKS:

Only individual island dose rates are available. These were obtained
from helicopter surveys at 11+4 hours made by the Radiological Safety
orgainization. The helicopter survey technique called for the pilot
either to land the aircraft at the desirid lpot, so that. a ground
reading could be obtained, or to make 5 slow pc.ss over the desired
spot at an elevation of 25 feet. Ftudings taken at 25 feet were
multiplied by a factor of 2 in order to obtain a reasonable appruxi-
mation of the true ground rea•in; T. T basic instrument used in
the aerial surveys was the An/i ,/'- survey meter modified to read
up to 500 r/hr. Tht t-1 "2 d:•ce approximation was used to extrapolate
the H+4 hour dose-rate readin.vi, to H+1 hour.
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TAILE 36 EIRIWL'IVK WIND DITA F•VR OEATION ARI)TACK I- CACTUS

Altitude " 1+-h hour 1o5* hours
S(MSL) Dir Sp-..ed Dir ... _!ed
seet devreea mph degrees mph

Surface 060 '.6 060 16
1,000 070 24 u60 29
2,000 070 25 060 24
3,o00 o6o P6 U60 26
4,ooo 060 24 o60 28
5,000 060 23 C50 25
6,000 o60 23 040 24
7,COO 08& 15 030 17
8,000 090 10 Ono 089,000 110 05 040 05

10,000 06o 03 16o 08
12,000 2;0 02 220 10
14,000 150 12 18u 1315,000 (130) (15) (160) (.3?)
16,000 100 18 130 13
18,000 I00 18 1340 15
20,000 100 18 140 15

23,000 090 13 150 18
25,000 050 09 230 15
30,000 270 17 260 26

45,000 -0 3 2 230 33

50,000 310 39 2•7'0 23
55,000 230 07 250 18
6oooo 260 17 24o 17
65,00o ... 250 12
67,ooo 210 07 ...
70,000 120 08 090 05
75,000 o7o 13 080 12
80,000 080 31 090 23
05,000 080 52 100 33
90,000 090 60 100 4o
95,000 o.. .. 100 62
96,ooo 100 57 5-

100,000 -. 090 ,49
105,000 o. 090 51
110,000 090 59
112,000 .. 090 61

NOTESi:
SNumber in pnrentheses are estimnted values.
2. Wind data was taken by the Eniwetok weather atation.

Tropopause height was 51,000 tt MSL.
•. The surface air pressure was 14.66 psi, the tempormture 26.Trc,

the dew point 72OF and the relative humidity 76%.
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Figure 117 • odographs ffor Oper-ation HARDTACK I -Cactus..:
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k

OPERATION IARUDTACK I - Fir

-JA PPG Tiiw GMT Sponsor: UCHL
DA-TE: L2 May 1958 1'r May 1958
TIME: 0550 1750 SITE: PPC - Bikini - SW of

Charlie 4,000 ft from
nearest edge of the island
110 41' 27" N

1650 16' 25" E
Site elevation: Sea leveI

HEIGHT OF BURST: 9.88 ft

TYPE OF BURST AND PIACI,7A1,T;
CLOUD TOP HEI,•G.T: 90.000 ft MSL Surface burot Vr.osm bir(:e on
CLOUD BITODM _I.IGHTr: NM water

Only individual island dose rates are available. These were obtained
from fadiological Safety organization helicopter surveys at 11+4 hours.
The helicopter survey technique called for the pilot either to lund the
aircraft at the deuizcd spot, so that a ground reading could be ob-
"tained, or to make a slow pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a factor
of 2 in order to obtain a reasonable approximation of the true ground
reading. The basic instrument used in the aerial surveys wlis the
AN/PDR-39 survey meter modified to read up to 500 r/hr. The t-1-a
decay approximation was uued to extrapolate the 11+4 hour dose rate
readings to HA+1 hour.
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TABLE 37 BIKINI 'IND DATA FOR OPFRATION HARDTACK I- FIR

Altitude H-1 hour 1l1÷7 iours F+121 houru
(MSL) Dir hl,,od Dir ... d Dired
feet degrees mln do-g rs.es mpn dugrZ2u mph28

Surface 070 25 070 25 060 P.8

1,000O 070 26 060 26 060 26
2,000 080 26 070 26 070 29
3,000o o80 22 080 26 080 29
4,000 09o 26 090 29 090 25
5 ,000 09o 36 100 30 110 22
6,000 110 26 i00 29 110 23
7,000 130 23 110 24 110O 31
8,000 130 17 11I0 18 120 29
9,ooo 150 17 130 18 130 16

10,000 170 15 150 16 150 13
12,000 120 08 Igo 07 200 1.3
14oO ,00 1 0 o8 220 14 250 1(1,
15,000 (090) (12) (1'(0) (10) (210) (08)
16, ooo 070 14 120 07 180 o6
18,000 060 07 14o o6 190 02
20,000 nc50) 07 160 03 280 01
23,000 090 05 200 03 24o o6
25 ,0o 1.30 06 220 o6 P50 10
30,0W0 280 20 280 17 270 17
35,000 (2.35) (34) (21)0) (28) (235) (32)
4o0,00o 230 48 220 4,O 200 48
45,000 24o 56 (250) (39) 220 55

50000 26o 4r) 280 39 26o 33
,•54• ,oo) 280 26 ..... .. --
S55,00o (270) (23) (200) (25) (ý5o) (21) A
S56,Co0 --- .-- 80 12 250 18 160,002 210 05 290 o8 36o 05

64 ,ooo ... 080 09 j-
65,ooo (120) (12) (1.90) (13) (110) (1.2)
5,000 36u 96 2

70,000 100 26 00 17 090 13

-5iO 0',o 80 26 (090) (22) (090) (16)87,000 120 26 090 26 09o 3085,000 130 1o 110 .18 .1.0 29

9,08800 , ... 17 .10 1 130 53

•i;.NOTES-.
• ,' • Numbers in parenthe2ses are estimated values."0. W0ind data was take00 on bord shp located within 30 n 1utical

miles of the Tower at Nan Island, Bikini Atoll7

43. Tropopau height was 582,000 14 M2L.
0. The surface air pressure was 14.64 psi, the 0 emperaturv 26.1oc,

0the dew point 73.07F, and the 2elative humidity 80C 0

,0 002
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OPERATION HARDTACK I - Butternut

PPG Time anT Sponsor: LASL
DATE: 12 May 1958 11 May 1958
TII.•: 0615 1815 SITE: PPG - Eniwetok - SW of

Yvonne
4,000 ft from the nearest
edge of the island
lii P-o' 41" N1620 21' 02 " E

Site elevation: Sea level

HEIGHT OF BURST: 10.13 ft

TYPE OF BU1ST AND PT.AC,1,NET:
Surface burst from barge on
water
Water depth: 65 ft

CLOUD TOP [EIGHT: 35,000 ft MSL
CLOUD BO'1r'OM IB]GHT: M4

Only individual island dose rates are available. These were obtained
from he]icopter surveys at 11+h hours nwrde by the Radiological Safety
Organization. The helicopter survey technique called for the pilot
either to land the aircraft at the desired spot, so that a ground readingF coula be obtained, or to make a slow pass over the desired spot at an
elevation of 25 feet. Readings taken at 25 feet were multiplied by
a factor of 2 in order to obtain a reasonable approximation of' the true
ground reading. The basic instrument used in the aerial surveys was the
AN/P11-39 survey meter modified to read up to 500 r/hr. The t-1" decay
approximation was used to extrapolate the H+4 hour dose-rate readings
to 11+1 hour.
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'TABLE 38 ENIWETOK WIND DkTA FOR OPERATION HARPACK I - BUtT•lTI

Altitude H-1 hour H+5:j hours !1+111 hours
"(MSL) Dir Speed Dir Speed Dir Speed
feet degrees mph degrees mph degrees mph

Surface 080 12 080 17 070 16
1,000 090 24 080 24 080 28
2,000 090 25 080 24 080 29
3,000 090 25 090 29 090 29
4,o00 100 21 090 28 100 26
5,000 120 18 100 24 110 24
6,000 120 18 120 24 130 21
7,000 150 16 150 21 130 17
8,000 150 13 170 16 150 13
9,000 130 09 170 15 170 .15

10,000 100 10 120 08 160 10
12,000 090 09 190 07 230 09
1,0ooo 080 09 150 09 200 09
15,000 (080) (14) (120) (09) (140) (09)
16,o00 070 18 090 09 o80 08
18,000 100 12 110 09 070 07
20,000 100 09 090 07 070 05
23,000 110 07 160 0o 34o 05
25,000 Calm Calm 200 03 300 08
30,000 280 22 270 17 270 24
35,000 (230) (41) 240 36 220 33
37,000 210 49 .. ...
4O,O00 230 43 220 39 210 37
45,000 260 47 24o 28 250 35
"50,000 250 4o 260 33 260 40
54,O00 280 21 ---..
55,000 --- 250 16 260 17
60,000 200 05 250 09 300 12
65,000 --.-- 080 12 250 15
66,000 070 12 .. ...

"" 70,000 080 16 070 18 050 13
72,000 100 25 --.-- -.--
75,000 . 110 16 100 17
80,000 090 37 110 20 080 20
84,000 100 36 --- ---
85,000 .-- 110 29 100 38

NOTES:
"1. Numbers in parentheses are estimated values.
2. Wind data was taken by the Eniwetok weather station.
3. Tropopause height was 53,000 ft MSL.
4. The surface air pressure was 14.63 psi, the temperature 270C,.

the dew point 740F, and the relative humidity 80%.
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O'OPETATION 1AROTACK I - Koa

PP1, Time GMT Sponsoi-: LASL
DATE: 13 May 1958 12 May 1958
TIM'-,: 0630 1830 SITE: PPG - Eniwetok - West

end of Gen-
TOTAL YI.UD: 1.37 Mt 110 ho' 30" N

1620 12' 20" E
Site elevation: Sea level

FIREBALL DATA:
Time to ].st minimum: 100 msec HEIGHT OF BURT: 3 ft
Time to 2nd maximum: 0.9h to 1.35 see
R•adius at 2nd maxirý,um: 3,641 ft TYPE OF BURST AND PLACFI10T:

Surface burst fron, 10 ft deep
CIATEN IATA. tank of water sitting on coral

Diameter. 4,000 ft soil
Wpth: 171 ft
Lip: Apparently washed away CLOUD T01- jEMIG.IfT: 72,200 ft MSL

CLOUD BOTTOM F"'(1: U-1

Only individual island dose rates are avuil°ble. Th1es wore cbtained
from iHadiological Safety oi-gsnization helicopter sulveys at 11+4 hours.
The heliccpter survey technique called for the pilot either to land
tiie aircraft at the desired spot, so that a ,,round reading could be
"obtained, or to make a slow pass over the desired spot at an elevation
of 25 feet. Readings takeni at 25 feet were multiplied by a factor of
S2 n o-ý1er to obtain a reasonable approximation of the true ground
joc.ding. Tne brt: instrument used in the aerial surv--,!5 was the
AN/PDP-39 survey moetr modified to read up to 500 r/hr. i'n-- t-1-2
decay approximation was used to extrapolate the 11+4 hour dose rate
readings to 11+1 hour.
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TAlkLE 39 EIWETMK WIND DXTA FOR 01'PATION IIARDTACK I- KOA

Altitude H1 hhour o ours H+11! houras
(M~) Dir 3e~d Dir VP t.,d Dir S a
feet degre•us mph doereos mph dogroes mph

Surface 050 18 060 18 060 18
S,0oo0 070 29 080 32 080 26
2,000 070 31 070 38 080 29
3,000 080 32 070 37 080 29
4,000 080 36 080 29 090 31
50000 090 33 080 29 100 26
6,000 100 29 090 2g 110 26
7,000 100 31 100 1 100 26
8,ooo 100 31 100 20 080 23
9,o00 090 25 100 20 070 20

10,000 090 P5 120 18 090 14
12,000 100 29 130 20 120 13
14,000 110 25 150 14 120 03

15,000 (110) (20) (150) (14) (16o) (07)
"06,00o 12o 14 140 14 190 12
18,000 110 12 140 14 180 05
e0,000 070 08 130 05 P.20 09
2'.,000 200 o 180 18 180 1625,,000 270i10 160 18 170 1•4
30,000 250 24 24o 21 250 21
35,000 190 31 170 31 180 22.
40,000 220 29 190 29 230 31
45,000 240 4o 26o 52 (255) (32)
50,000 290 36 280 35 280 33
55,030 280 13 230 14 200 33
60,ooo 140 17 210 07 -7o 12
65,oo0 090 07 06o 08 (210) (09)
70,000 100 16 130 09 150 07
74, ooo . 670 16
75,000 100 23 070 20 080 18
80,000 100 31 090 36 100 30
85,ooo 090 41 100 53 ...
90,000 090 59 110 71 100 61
92,000 090 66 -.--.
95,000 ... 100 77 ..
100,000 1. 100 83 100 68
105,000 -- 100 85 ..
110,000 ... 100 126 100 75
118,000 . .. 100 101

NOT'ES:

:Numbers in parentheses tre eatimated values.
2. Wind data was taken by the Eniwetok weather station.

STropopause height was 57,000 ft MSL.
The surface air pressure was 1.66 psL, the temperature 27.2C,

the dew point 74F, and the relative humidity 7.
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0PEM~TI0N IIARDTAC I -Wahoo

PPO Timo GMT Sponsor-. 1AM/DOD
DATE: Y 1.y956 1 May 195,8
TIMvIIP 1-330 01.30 SITE: PPG - Rniwatok -south by

SSW of Irwin about 8,000
ft from tho island
110 20' 141" N

l.620 10'1 44~l 11
Site Oouviation: so& level

PR~xIGr OFl BURST: -500 ft under

TYPH, O~UP MOM AND PLACN1'11MNT
Undem'uator Dauvic~ cuiiupiorde

PI Pn IriH1:r"Iln- 1,0'(60 Vt MT,8I
at 15; Ho

"Nearl.y till of' the total pgcIMtr douoD Occla-rd wi Lhill 2) 1111alutu U0,1,u
zero t ime andJ wtuu dul. to tho puutialgu uof Ui.rborzIlt? md I uw .ve miutl. ?r1cllI
Gainniua doueu~ In oxcomii ol' 1,00i ouccvrred wil Udn tho I~rut, P1 i 1111oLu:; U.t
downwind diott~ilnuo 1 tlcu ia l6,O000 P'oet In both Miuum,~iCULo 01hu
rouidua2. Viold duo to dvpcinitud rad lojitivo matrio' IA11u r ~tIv~L
incignifichrito u.lthutigh rad i.outi~v'u fouln many 3'cpru:"mt; a~~i~~l.II
hazard."
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Figure 12r. Operation HAIRTIPACI< I - Wahoo.
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TA.BLE 40 I!MIWMZK WIND ATA FOR OPMiOATI0N HA1IMLACK I - WAIIOO

A3tt.d. ' ' II., hour"" h+iiri
(HMm ) . . )r ,...,,d rDIr .. _II"..

fact degrees mph dogrues mph

Burtaoe 090 17 080 16
1o000 090 22 080 18
2,000 090 22 080 20

0,000 090 20 080 21
0000 190. 17 080 20

5,000 07o013 060 14
6,000 o40 08 050 12
7,000 330 07 350 0
8,000 280 12 300 14
9,0000 P 17 300 20

10,000 X80 21 300 22
2,000 310 0 290 14
14,000 290 09 310 12
16,o0o 020 07 340 09
18,000 24o 14 o0o 09

23,000 o60 05 010 07
203,000 240 02 o60 07
30,000 300 26) 0(;O 10

Osooo 260 10•. .
0207ZI0 P5 wt0 30

45,000) MO P9 -

50,0000 34o 5 3"10; 2
52,000 7o 09
55, 000 OTO 06 6.
60,ooo 060 3.5 020 20
65,ooo 090 V' ..
69,ooo .... • .0

tO,00o 090 12 100 07
73,000 090 57 06o 13

9 000 ... 
S

,000 100 60 09o 40
85 ,ooo 090 57 ....
90,000 090 57 090 72
95o000 . -- --... ,

100,000..... 090 79
110,000 ... 100 93
114,o000 ... .. 100 100

NOTM i
=T Wind data was takon by the Eniwetoh weather station.

2. Trupopouau height wan 59,000 Ct MOL.
3. The ourI'co air prououre was 14.b9 pal, thu temrrperatur,

30,8 0 C, the dew point 73)F, and the relative hunidity 63%.
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rigure 126. Hodographs for Operation H Wahoo
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OPEPATION HARDTACK I - Holly

PPO Time IMT Sponnor:i ,AL.
DA~TE: 21. Mvay 19538 20 May 19538
TIN[-,,: o630 1830 SITH: *PPO - Eniweot'k -WestI

from the nearest edc:e
of the ioland
110 32' 38" N

16r20 21 .0 X t
Site elevation: Sea level

HrEIG Irr OF BKVIT: 1.,3.06 ft

TYPE' 01F ]U1%T AND I'IAC!INNNT:
Surface burot from bargei on
water

Water dep6Lh: 40 ft

CLOUD TOP Jmolrr,: 7.50000 ft MOL
CLOUD ]BOI'DWM HEIGHT: 7 ,000 rt M01,

Only individual iluand dose rates are available. These were obtained
from helicopter ourveys made by the Radiological Za'ety organization
at 1+4 houru. The helicopter survey technique called for the pilot
either to land the aircraft at the desired spot, no that a ground
reading could be obtained) or to make a cl~ow paov over the desired spot

at an elevation of 25 feet. Readings taken at 25 f'eet were multiplied
by a factor of 2 in order to obtain a reasonable approximation of the
true ground ro.tding. The bnsic instrument used in the aerial surveys
was the AN/1DR-39 survey meter modified to read up to 500 r/hr. The
t- 1 -8 decay approximation was used to extrapolate the 11+4 hour dose

, ~~rate readings to 11+1 hour..,;•
ft 7

210

*............



HELE
M19NIr. NORTH PACIFIC OCEAN

EDNA

CMAC

LUCY MANY
ALICE;f 5, 1+.,.c a NANCY
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012340
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ZONA
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.... 07 STATUTE MILES

•:. Ji~ls. Figure 127. Operation AI3IDTACV I - fo)2y.
Hill+ Island dose rutes in r/hr at 4+1 hour.
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TABLE 41 ENIWETOK WIND MTA FOR OPERATION H _ARDTACK I- hOLLY

Altitude -hour " 'I+5 -hours 11+10.L' hours
(MSL) Dir Opeed Dir Speed Dir Speed
feet degrees mph degrees mph degrees ;nph

Surface 080 16 090 23 080 23
1,000 080 24 080 26 070 26
2,000 080 26 080 26 070 24
3,0OO 080 26 080 2-4 080 24
4,ooo 080 24 070 22 080 26
5,000 080 23 070 17 080 24
6,000 090 14 080 17 070 20
7,000 100 10 100 17 080 16
8,000 120 12 120 14 110 17
9,000 150 12 14o 14 120 14

10,000 180 12 150 10 150 09
12,000 210 05 210 10 210 05
14,000 280 10 240 05 270 02
15)000 (27) (07) (200) (05) (300) (05)
16,0OO 250 05 150 05 320 07
18,000 220 05 120 02 280 09
20,000 220 09 220 10 240 12
23,000 250 12 260 09 210 20
25,000 270 13 290 05 240 10
30,000 280 24 280 09 240 21
35,000 .. 280 22 270 20
36,000 20 24 ---..-- --

40,000 220 22 200 30 190 39
45,00O 210 38 210 43 210 32
50,000 230 20 270 17 270 1.8

NOTES:
1. Numbers in parentheses are estimated values.
2. Wind data was tailen by the Eniwetok weather station.
3. Tropopause height was 52,000 ft MSL.
4. The surface air pressure was 14.65 psi, the temperature 27 C,

the dew point 75 0 F, and the relative humidity 75%.
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SCALE
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miles

Rise rate :6000 ft/hr
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112.5 2. 757.5 17.5

17.5 -2).25 22.5
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H1/, Hour H+5HI 0/ 2
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Figure 128. Hodographs for Operation HARDTACK I - Holly.
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OPERATION HARDrAC( I - Nutmeg

PPG Time GMT

IATE: 22 May 1958 21 May 1958 Sponsor: UCRL
TIME: 0920 2120

SITE: PPG - Bikini - West end Tare
110 29' 46" N

1650 22' 15" E
Site elevation: Sea level

HEIG•IT OF BURST: 12.11 ft

TYPE OF BURST AID PIACW4ENTfl:
Surface burst from barge on
water

CLOUD TOP HEIGIT: 20,000 ft MSL
CLOUD B3OTTOM HEIGHT: NM

REMARKS:

Only individual island dose rates are available. These were obtained
from helicopter surveys made by the Radiological Safety organization at
H+4 hours. The helicopter survey technique called for the pilot either
to land the aircraft at the desired spot, so that a ground reading
could be obtained, or to make a slow pass over the dresired spot at an
elevation of 25 feet. Readings taken at 25 feet were multiplied by
a factor of 2 in order to obtain 6 reasonable approximation of the
true ground reading. The basic instrument used in the aerial surveys
was the AN/PDR-39 survey meter modified to read up to 500 r/hr.
The t-1.2 decay approximation was used to correct the H+4 hour dose-
rate readings to 11+1 hour.
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TABLE 42 BIKINI WIND DATA FOR OPERATION HAIRDTACK I - N1IMEG

Altitude H-hour 11+2c hours I1+-7 hours
(MSL) Dir ',p-! e d Dir Speed Dir ,psed
feet degrees mph degrees mph de~cres mph

Surface 090 16 080 16 080 14
1,000 090 16 070 18 070 14
2,000 090 15 070 16 080 15
3,000 090 18 080 18 080 14
4,00o 09o .8 090 15 090 o9
5,000 090 16 120 14 090 12
6,000 100 17 110 17 110 09
7,000 090 18 100 20 Ui0 14
8,000 070 18 080 20 080 14
9,000 090 18 090 23 o00 14

10,000 100 17 100 20 110 14
12,000 080 10 130 16 120 1n
14,Oo 120 10 150 12 140 14
15,000 (110) (12) (140) (12) (130) (o9)
16,000 110 12 120 10 120 06
18,000 220 12 34o 10 070 07
20, 000 240 08 280 08 310 05
23,000 210 09 190 07 320 07
25,000 230 06 200 1S 27C 12
30,000 310 24 310 14 2•0 09
33,OOC --- -. --- -- 220 16
34,000 21 --- -- --- --
35,000 --- -- 260 16 --- --
4o,ooo 200 35 200 24 24o 14
45,000 250 23 --- -- 290 14
50,000 320 10 310 07 200 02
55,000 --- -- 080 07 0o4 02
57,000 080 07 ..... .....
60,000 200 06 160 06 250 07
64,ooo --- -. -.. 080 07
65,000 090 09 120 08 --- --
70,000 110 12 110 08 080 08
72,000 --- -- --- - 050 08
75,000 080 5 --- --....
80,000 090 36 090 35 090 3"
82,000 --- - 090 38 .- -.
83,000 --- -- --- -- 090 22
85,000 090 52 ..... .- -.

NOTES:
1. Numbers in parentheses are estimated values.
2. Wind data was taken on hoard ship lozated within 30

nautical miles of the Tower at Nan Island, Bikini Atoll.
3. Tropopause height was 54,000 ft MSL.
4. The surface air pressure was 14.68 psI, the temperature 27.4'ýC,

the dew point 72.5 0 F, and the relative humidity 76%.
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OPERATION II.RIACK I - Yellowwood

Sponsor: LAS•
1ATE: 26 May 1958 26 May 1958

4TI0 ihO0 0200 SITE: PPG - Eniwetok - SW of
Janet 5,000 I't
110 39' 37" N

1620 13' 31" E
Site elevation: Sea level
Water depth: 75 ft

IEIGHT OF BURST: 10.52 ft

TYPE OF BURST AND I'IACF!1FT:
Surface burot from barge on water

CLOUD TOP REIGHT: 50,000 ft MSL
CLOUD ]30'I'TOM 'IH'GT: 30,000 ft MOL

RIMARKS: ;
Only individual island dose rates are available. These were obtained

from Radiological Safety organization helicopter surveys at H+4 hours.
The helicopter survey technique called for the pilot either to land
the aircraft at t1,e desired spot, so that a ground reading could be
ostained, or to make a slow pasc over the desired spot at an clevation
of 25 feet. Readings taken at 25 feet were multiplied by a factor of 4
2 in crdi~r to obtain a reasonablu approximation of the true grounu
reading. The basic instrument used in the aerial surveys was the AN/I'DR-39
survey meter modified to read up to 500 r/hr. The t-" decay approxi-
mation was used to extrapolate the H+4 hour dose-rate readings to H+1
hour.
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TAB~c 4 ZNWMKWINDDAT FO MJ TIO, MAPAC I MLOMCO

-A
x~tiuda 1-hur Pf biiry 'ý +10 our(MmA bir 1)(id Dr rý)ptf~j

000 0'Si is 08 'l 00 .

50000t~ 090 14 0 12 1080 u5
6oo090 16 20 1080 18

z ,000 060 16 070 1.7 090 18
pO0O 090 18 080 19 090 18)

4,000o 090 10 0910 19 090 15
loj000 08 0 16 00 1100( 01)
6,0000 0710 13 5 04 0100 12
148,ooo 050 09 020 10 090

9,000 (~06 10) (070 136090 (08

10,0000 0&0 208 060 12 090 09

12,000 090 18 080 14 00 12;
25140000 050 07 020 09 30 1t"
10,000 (o8o (07) 'o~o (0! (30 (00)9
16,000 110 30 or0 07 30J 103
080000 Wo6 20 0 0 13 00y 06

20,000( 080 30 P6 14o 090 09o
23000) A91 090 18 ow8P

250000 w0 2 090 318 090W
30,00 070o9 07 23 060 2029

65: 000 10o 309 00 23. 0'0 .1i
70 O090 31f 00 36 080 P)

45000 080 43f 090 110 O8O
0,00( 100 49 1090 17 090 5

65,0000 100 51 080 5P ogo 6
90,0000 100 V 060 20 030 64
65,0000 060 09 09J0 5603
70,0000 090 07 100 07

1 00080 ;6 1090 0g? ...
110000 1080 79 080 59 09g6

9150000 100 603 090 053

120,0000 110 112 100 92 ...
122,000 ... XIO 90..
123,000 110 114 -

NOMW~
I . Nwnbars in~ parinth'iaos 'rxi out imnato values.
2. WI'id data waun titkoin by thev lHniwatok wisathor station.

Tropppvýdohulght. was 59,000 ft ME3L.It,, The surVraon sii pro'ssurv was 14.66 pal, the temperature 30-(PC,
the dew Point 73~'"P and the ra1,tive hupmidity 63%.
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4 4 52.5 I
442.5

s"' 42.5

32.5 37.5

275B32.,85
27.5 32.5

22.55
22.55

175 17.5. 2.

7,f 1.57, 1 7.5 .53 .5 7.25
8 2.5~ 2.5 0 .

H-Hour H.-4 H+I0
Figure 132. Hlodogruphe for Oporation IHRDTACK I " Yellowwood.

221 
-_ _ _ _ _ _



OPIITION J•ZIARACK I - Magnolia

FPO Time Sponsor: IAB3L

': 0600 1800 SIT_..: PI'O - lniwotuk - OW ur
Yvonnci, 3,000 ft from
the nrivrol edge oif the
Sl and

K P? 3t ,) " N16•' •1' in" •:

Sirte.~ u' 01VU 1'om GOIA ~; .TYPEI (ill' hIM1111T AND PIACIVI';T1',.

Water

CLOUD YOP 1 ,Uoc: J vhuOc Vt Mh1,

Only individual islund dotic ratou are available. 'nituue wore obtAil,'d
from helicopter surveys made by the ladiulo'oiel SafVty organization ut
11+4 hours. The helicopter uurvey technique culled for the pilot eithi'.r
to land the aircraft at the desired spot, so that a ground reading
could be obtailed, or to make a slow pans over the dislrod spot at; tan
elevation of 25 feot. Houdingls taken at P5 foot wore mu.ttpliud by
a factor of 2 in order to obtain a reasonable approxittiatlon of the true
ground r.ading. Ther basic instrument used in the aerial nurvoys wau
the AN/PDR-39 survey muter modified to read up to 500 r/hr. The t-"*'
decay approximation was uzud to extrapolate the 11+4 hour dose-rate
readings to 1Ii4 hour.
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TAMLE 44 EIiwroK VIND rATA FOR OI'TAT'ION RASU7PAC( I - MAGNOIMA

A1titudu It-7 oir 1H17 hou r.f 11+11 hoIA'u•s -

rout doutruti mph (l.grfull mph ds•,r.-r'u mph

S a o 16 110 16 090 12
1,000000 14 100 16 080 14
20000 080 14 100 Iii 100 09
3,000 090 14 100 10 080 09
4,000 100 15 100 09 090 Ol

0o000 120 10 090 09 090 08
6,ooo 120 07 O ()y 090 06

0(o 080 05 0't0 0l 06o 03
00W 070 08 ONO 09 020 06

9,000 070 09 060 09 0140 06
10,000 070 09 060 09 0U30 03
120OCO 060 09 140 03 2cX 03
14,ooo 04O) It 110 u6 150 05
150000 (o0o) (WO) (0.o) (o0() (i1o) (0,3)
16,000 C50 05 100 09 08o 05
18,000 100 09 190 09 080 09'
20,000 130 09 090 12 070 12
23,000 090 16 070 14 050 15
25,000 080 .2 060 14 020 13
30,000 060 31 0(k 31 030 21
S5 ,(w 0 06o 12 oV) 04 0 030 23

', 000 080 24 o60 30 0o0 25
45,ooo Uo .3 0 �2 020 18
50,000 o)o2 020 30 350 16
550000 05o0 23 050 35 01)0 28
60,o~o 050 31 050 P5 080 2)
61 o o00 15 070 23 100 16
70,00o 080 18 110 22 090 21
75,000 090 37 110 32 090 24
80,000 090 49 100 52 100 48
85,000 090 71 100 64 090 61
90,000 090 78 100 64 090 69
91,000 090 78 .....
95,000 0. 100 68 080 T1

100,000 1. 100 69 080 64
1()5,000 1.. 00 80 ....
110,000 .. 100 99 ...

113,000 ... 100 101 ...

NOTI' I

T Numboro in pnrenthoden are catimtod vnlues.
2. Wind (tn was tItkon by thit EniiwvLok wUat~hr station.

Trp.opauaf- higt.w,i wa 4,000 1't MtkU4.
The curftnco air pre-uure war 14,65 psi, the tomperature 26.80C,
the dow point 72 F, ntid the rubttive humidity 76%.
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SCALE

5~s miles•,0 52.5 o57o 5

47. Rise rate: 5000 f t/hr

52.5

7,5

42.5 42.5 I

37.13 37.5 5. 7

27.5 27.5 ".5
22.5 22.5

17.5 27722.
12.5 12.5 1.
7,5 7.5 1. .2.5 2.5 .8 8,

H-Hour H+6 H+II

Figure 134. Hodographs for Operation HARDTACK I - Magnolia.
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OPERATION RUDRIACK I - Tobacco

PPG Time GMT Sponsor: IASL
tATE: 30 May 1958 30 May 1958
TIM'-E: 1I425 0215 SITE: PPG - Eniwetok - 3,000 t

NW of Janet
110 39' 48" N

1620 131 h8" E
Site elevation: Sea level

TYPE OF BURST AND PIACP4iE:i*f:
Surface burst from barge on
water

CLOUD TO]' ID.IGIIT: 18,000 ft MSL
CLOUI) BOTTOY)M [-LIGII.: TM

HENAWKS:

Only individual island dose rates are available. These were obtained
from helicopter surveys made by the Radiological Safel y orranization at
H+4 hours. The helicopter survey technique called for the pilot
either to land the aircraft at the desired spot, so that a ground
reading could be obtained, or to make a slow pass over the desired spot
at an elevation of ,5 feet. Readings taken at 25 feet were multiplied
by a factor of 2 in order to obtain a reasonable approximation of the
true ground reading. The basic instrument used in tne aerial surveys
was the AN/?DR-39 survey meter modified to read up to 500 r/hr. The
t -4 2• decay approximation was used to extrapolate the 11+4 hour dose
rate readings to 11+1 hour.
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TAmLE 45 ENIWNI•K WIND BATA FOR OPERATION HARDTACK I TOBAC-O

AltItude H-i hour H+32 hours .. 4... Nhors

(MSL) DrSp~eed Dir Opeurt Dir Speed
feet degrees mph degrees mph degre-es mph

Surface 080 14 080 23 120 28
1,000 080 24 080 26 090 24
2,000 080 36 080 29 100 28
3 090 21 090 29 110 30
4,ooo 090 16 090 26 120 25
5,0oo 090 14 100 22 130 22
6,000 090 17 i00 22 14o 22
7,000 090 22 110 21 114o 0
8,000 100 21 .10 16 130 299,000 110 18 110 16 M 32

10,000 130 20 110 20 110 33

12,000 140 14 120 09 100 29
114,OOO 130 10 130 07 120 19
15,000 (130) (11) (130) (06) (120) (13)
16,ooo 14o 13 130 05 120 09
18,000 12M 12 1140 02 110 10
20,000 120 12 110 02 110 17
23,000 130 14 14o 05 120 18
25,000 120 12 130 07 150 16
30,000 190 07 200 08 210 07
35,000 240 15 >30 12 210 09
4O,O00 200 17 1 2w) 14 210 26
45,000 200 17 220 25 230 26
50,000 230 17 230 18 270 12

55,oo0 290 07 220 05 24o 08
60,000 070 08 070 13 100 18
65,000 130 24 140 18 160 12
70,000 110 17 070 £3 070 24
75,000 090 35 090 37 090 38
80,000 090 48 100 55 090 57
85,000 100 68 100 68 090 69
90,000 100 69 100 69 090 71
94,000 .-- -- -. 090 7195,000 100 71 090 69 ......

100,000 100 77 090 69 .....
105,000 100 72 100 76 -

110,000 090 77 ...--. -....

118,000 090 95 ..... ....

NOTES:
1. Numbers in parentheses are estimated values.

2. Wind data was taken by the P-,iwetck weather station.
3. Tropopause height was 55,001) Vt M3L.
4. The surface air pressure was i4h.65 psi, the tumperature 28.9 0 C,

the dew poirt 750F, and the relative humIdity 74%.
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Rise rate: 5000ft/hr 2.5

517.5
27.5

S25 12.5
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H- or H+3%4  H+9%3

Figure 136. Hodographs for Operation HARETACK I - Tobacco.
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OPIrATION IARRDTACK I - Sycamore

PPG Time ow_ Sponsor: UCRL
DATE: 31 May 1958 31 May 1958
TIME: 1500 0300 SITE: PPG Bikini SW of

Charlie 4,000 ft from
the nearest edge of the
island
110 41' 27" N

F 1650 16' 25" E
Site elevation: Sea level

HEIGHT OF BURST: 11.64 ft

TYPE OF BURST AND PLACF14ENT:
Surface burst from barge on
water

CLOUD TOP IMIGHT: 46,000 ft MSL

CLOUD BOTTOM HEIGHfT: NM

REMARKS:

Only individual island dose rates are available. These were obtained
from helicopter surveys made by the Radiological Safety organization
at 11+4 hours. The helicopter survey technique called for the pilot
either t.o land the aircraft at the desired spot, so that a ground I
reading could be obtained, or to make a slow pass over the desired
spot at an elevation of 25 feet. Readings taken at 25 feet were
multiplied by a factor of 2 in order to obtain a reasonable approximation
of the true ground reading. The basic instrument used in the aerial
surveys was the AN/PDR-39 survey meter modified to read up to 500 r/hr.
The t-1"2 decay approximation was used to extrapolate the H+4 hour
dose rate readings to H+1 hour.
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I1

TABLE 46 BIKINI WIND rATA FOR OPM.ATION IIABIDACK I S 1YCAMORE.

AltIt~ude 11-hoar 11+3 hours 11+2 hollru
(MSLI) Dir "Thvl''d Dir ~ no i
leet dogrfoos mph degrees mph dufruus mph

Surface 090 12 100 17 070 21.
1,000 110 22 090 21 080 22
2,000 100 23 090 22 080 24
3,000 110 28 090 24 080 25
4,0oo 110 24 100 23 090 23
5,000 110 18 110 22 0o0 18
6,000 110 18 110 18 090 15
7,o00 100 17 110 18 100 15
8,000 100 07 100 18 100 1,59,000 11 V; 1I 00 17 090 20

10,000 120 14 110 16 110 14

12,000 120 16 110 16 130 16
14,0oo0 080 15 090 13 100 17
l5,O000 (080) (13) (o) (13) (090) (10
16,O00 090 12 050 12 080 11
18,000 120 13 100 09 LiO 07
20,000 130 18 14o 12 100 02
23,000 16o 10 130 17 090 03
25,000 114o 23 100 14 010 16
30,000 010 09 0110 13 060 13
33,000 270 06 ..... .....
31o4,000 ..... ..... 120 10
35,000 (2Go) (2) 280 17 (140) (1-3)
40o,ooo 220 26 230 P3 230 23

145,000 230 24 (2) (1,r) 300 25
50,000 280 18 280 12 2'yo 08
53,000 ... 080 06 .....
55,000 (150) (30) (080) (1o) 060 16
57,000 100 35 ..... .....
60,000 120 26 120 22 100 20
65,000 080 16 .....
66,000 ..... 060 .30 .....-
7D,009 100 24 090 31 090 29
75,0oo 090 38 ..... ....
80,oo0 100 55 100 53 090 5381,ooo 100 58 ....
85,000 . ... - 090 590,o0o ... 090 59 080 75
910coo ... 090 59...
94,000 ..... ..... 080 68

NOTES:
T? Numbers in parentheses are estimated values.
2.. Wind data was tnken on board chip located within 30 nautical

miles of the Tower on Nan Inland, Bikini Atoll.
3. Tropopause height wav 55,000 t't MSL.

The surface air pr#!psure was 14.62 psi, the temperaturte 28.6 0 C,
the dew point 7Z4F and the relative humidity '(3%.
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47. H-H7, 5
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:37.5 mile*s

Ririe rate: 5,000ff/hr

32.5 6 .-1

42,5

2• 7,5 /-5225

"12.5
511t.5
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Figure 138. 11odograph far. Operationr 1:IAU1A I - Bycaniore.
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OPMIA~TZO1 IIARMYACK I P Jon#

PPO Time C2viT Sponsor: IAOL
T~1:3 julo 197 2 Juno 1()7

T 1I~ 0645 015 ZTMI: PI'V - Eniwetok S ~W of
Yvonne 4,000 ft from the
nearest edge ot' the, Luland~

sito) ele0vation. G3as levuiL

H IIGT OF B3URSfT 15 .43 rt

Oux-r&uai b~urst L'rom bai'ea un
water

QTOUI) 'JO1 1DIMIVf': I.YoOUO Vt MOL
C3h3iAMDc*.i 111:1.01 IT': 1)00() rt MOL.

Only iIndividuuL1 Wand dooo vutou tire avatllab'L. 'rhveu were obtalfled
fr~om helhcopterl LIUiVWyO fldo by the Haediulogion]. i~arety orgarlization
at 1141-4 hourci. The holicupter uurvey toohtilqvu cul led for tho pil.ot
either, to Iano thea airc~ruf't (it the douired ispot, Lio that a ground
reading could be obtained, or to make a alow 1viou over the desired
spot at an elevatiton ol' ?,I veet. 1Readingo taken pit 25 feet were
multiplied by a IVactor of' 2 in order to obtain a reasonable approxi-
Tnution of, tile true ground reiiding. Thec basic instrument uujLd in the
aerial. aurveyn waci the AN/PFDRb39 ourvey metor modified to read up
to 500 r/hr. The t-- ducay approxivation waci u,;ed to extrapolate
the 11+4 hour docie-rate rendingo to 11+-1 hour,
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Figure 139. Operation IHARMlACK I - Rose.
P! . Island dose rmtce in r/hr at H+l hour.
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TABlLE 47 ~fwiw0 win[ 1YTA YonI 0I'vflA'I'N wi1tyrmcm i - POOL,

Aitit~ude U[-. hourII

fact dgR umiu mph dulip,14(U OFj

2,000o 080 25 0110 23

5,000 080 26 090 2

04000 060 2 t P
360000 o80 &?I 12011

20,000 108 20 130 17

25,000u 100 2.4 .00t 23
350000 070 09 06o 0
30,000 090o 15 090 18
100(mJ 020 "? 130a 1

1PO0,e0 070 090 039If.

55,0000 o~o Olt 090 21l
180000 110 12 120 10

,O~O 1050 2P 1060 13
250 o00 100 43 100 23
75,000 ((x 15 loq( 35
71,0000 110 09 --w -

80,;0 --- 189 130 P43

85,00 ---j --loM 090 42
90,000 o- (W ! 090 21.
95,000 10 2 12002
10,ý,000 01) 100 84 2
100,000 09 3 100 386
1150,000 --- 3857
714,000 11Q 1157

10 To5pwoeI~tna'',000 100EL 8he

=t tumersi ro atvo uiditye mvecimtd .la

st,~,aij~tio sn...mi
4

. .h..,.. i
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27.5 27.5

22.5 22.5

12.5 .

12.5
SCALE

0 10 20 30
miles

Rise rote: 5000 ft/hr
2.5 2.5

8 8

H- 3 ,/4Hour H-+-5•/
4 4Figure 140 . Hodographs for Operation !1ARI)ACK I - Rose.
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OPM ATION IAMTACK I - Umbrella

PPG Time GMT Sponsor: DOD
DATE: 9 Juno 1957- 8 jJune 195d
TIME: 1115 2315 SITE: PPG - Eniwetok - NMT of

Henry
110 22' 51" N

1620 13' 09" E
Site elevation: Sea level
Water depth: 150 ft

HEIGHT OF BItIST: 150 ft underwater

TYPE OF BURIT AND PIAC1•EMNN:
Sub-surface burst on lagoon
bottom

The pattern wau obtained from a total of about 80 pointn which is
really too Vow to placL, much rVQJ Na1Ce, o01 the •Ither pron1ounced lobln!
of the downwind contours. "Nearly all of the total Lgammu dose occurred
within 25 minutes after zero time and wau due to the passage of air-
borne radioac ive material. Gamma doses in excess3 of 100r occurred
within the first 15 minutes at downwind distances less than 14,000 feet.
The residual field due to deposited radioactive material was relatively
insignificant, although radioactive foam may represent a radiological
hazard."
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TA1LE 48 EKIWEOK WIND DTA FOR OPPPATION HARMACK I - UM•REL•

Altitude .{+',• hour 114+6 hours
(MSL) Dir 7 3qeed Dir ";peed

feet degrees mph degrees mph

Surface 060 23 070 23
1,000 050 26 ---..
2,000 060 24 ..

,000 070 24 .....

00 080 25 ---..
5,000 080 28 .....
6,000 090 28 .....
7,000 100 21 ---..
8,000 100 17 ---..

9,000 100 20 ..
90,000 100 24 ---..

12,000 110 18 .....

14,0oo 120 15 070 09
16,000 100 09 060 15
18,0OO 16o 05 o80 07
20,000 070 07 190 05
23,000 090 02 030 09

25,000 080 06 360 05
30,000 050 06 350 17
350,00 330 14 250 1540,ooo 26o 14 270 15

45,000 270 15 200 29
50,000 280 10 200 20

55,000 16o 08 150 06
60,000 14o 07 040 08
65,ooo 090 24 120 22

70,000 200 20 080 16

75,000 100 45 .....

80,000 100 57 090 57
090 57 ...

85,000 0063
90,000 090 62 090
95,000 090 63 ..
99,000 ... .. 090 -6

100,000 090 60 ..
105,000 090 58 ---..

NOTES:'
Wind data was taoken by the Eniwetok weather station.

2. Tropopause height was 54,000 ft MSL.

3. The surface air pressure was i4.66 psi, the temperature

30 0C, the dew point 720 F, and the relative humidity

63%.
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Figure 142. Hodograph for Operation HAMIMACK I - Umbrella.
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OPERATION IARDTACK I - Maple

PPG Time 24T Sponsor: UCRL
DATE: 11 June 1958 10 June 1958TIME: 030 1730 SITE: PPG - Bikini - South of

Fox
10 41i' 14" N

1650 24' 54" E
Site elevation: Sea level

HEIGHT OF BURST: 1.158 ft

TYPE OF BURST AND PLAC1MENT:
Surface burst from barge on
water

CLOUD TOP IMIGHr: 40,000 ft MSL
CLOUD BOTIOM 11,3IGHT: N4

IiI

REMF~vARKS:

Only individual island dose rates are available. These were obtained
kA from Radiological Safety organization helicopter surveys at H{+4 hours.

The helicopter survey technique called for the pilot either to land
the aircraft at the desired spot, so that a ground reading could be
obtained, or to make a al0w pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a factor
of 2 in order to obtain a reasonable approximation of the true ground
reading. The basic instrument used in the aerial surveys was the
AN/PDR-39 survey meter modified to read UP to 500 r/hr. The t-""
decay approximation was used to eytrapolate the H+4 hour dose-rate
readings to 11+1 hour.
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TABLE 49 BIKINI WIND MTA FOR OPFrATION HARDIAC( I - MAPLE

Altitude 1+17 hour I1[6L hours H+125- hours
(MSL) Dir Speed Dir Speed Dir 2Seed
feet degrees mph degrees mph degrees mph

Surface 080 25 040 25 050 21
1,000 080 23 070 22 070 23
2,000 080 24 070 20 070 23
3,000 080 23 080 17 080 21.
4,000 100 22 090 14 090 20
5,000 110 22 120 17 100 20
6,000 120 22 140 20 110 16
7,000 130 18 150 18 100 13
8,000 14o 20 150 18 110 09
9,000 130 20 114o 16 110 12

10,000 130 18 130 20 110 14
12,000 100 24 120 20 120 13

4,0ooo 080 21 14o 24 120 18 I
15,000 (080) (22) (14o) (21) (130) (20)
16,000 080 24 140 18 130 20
18,000 14o 29 120 24 150 13
20,000 14o 28 130 26 130 15
23,000 130 21 14o 15 120 20
25,000 190 10 190 08 330 18
30,000 ý.70 20 280 09 2.5O 18
35,000 250 38 (285) (17) (285) (17)
40,000 270 33 290 25 290 17
45,000 310 24 (315) (1?4) 350 26
50,000 330 20 34o 23 350 24
54,ooo 070 03 --- . ....-- --
55,000 (o8o) (06) (350) (06) (250) (07)
56,000 .. 350 02 230 07
60,000 100 14 130 13 360 08
63,000 ... ...-- -- 100 222
65,00o 070 33 ---...
70,000 090 21 090 25 080 24
75,000 090 32 ---.-- ---
80,000 090 58 090 090 60
83,000 --- ..-- -- 100 61
84,000 ... -- 090 56 --.--
85,000 090 69 ... ...
90,000 090 79 ... .. ... .

NOTES:
=.Numbers in parentheses are estimated values.

2. Wind data was taken on board ship located within 30 nauticat
miles of the Tower at Nan, Bikini Atoll.

3. Tropopause height was 53,000 ft MSL.
14. The surface air pressure was 14.66 psi, the tempernture

27.0°C, the dew point 7k°fF, and the relative humidity 81%.
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Figure 144. Hodograp~hs for Operation HAPD'•AC( I - Maple.
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OPERATION IARDTACK I - Aspen

PPG Time GMT Sponsor: UC2L
LATE: 15 June 1958 14 June 1958
TIME: 0530 1730 SITE: PPG - ?ikini - SW of

Charlie 4,000 ft from
the island
!10 41' 27' N

1650 16' 24"1 E
Site elevation; Sea level

HEIGH1T OF BURST: 10.82 ft

TYPE OF BURST AND IIIACI CIMENT:
CLOUD TOP 1EEIGIIT: 48,6co ft Surface burst Vrom barge on
CLOUD BOTTOM EIfGIlf: NM water

I
RMIARKS:

Only individual island dose rates are available. These were obtained
from Radiological Safety organization helicopter surveys at 11+4 hours.
The helicopter survey technique called for the pilot either to land
the aircraft at the desired spot, so that a ground reading could be
obtained, or to make a slow pass over the desired spot at an elevation
of 25 feet. Peadings taken at 25 feet were multiplied by a factor
of 2 in order to obtain a reasonable approximation of the true ground
reading. The basic instrument used in the aerial surveys was the
AN/PDR-39 survey meter modified to read up to 500 r/hr. The t-112
decay approximation was used to extrapolate the H+4 hour dose rate
readings to H+l hour.

'II
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TABLE 50 BIKINI WIND DTA MR OPERATION HAMMACK I - ASPEN-

Altitude 11l4. hour Ht~ hours 11+1221 homrs
HaSL) Dir 13pod Dir DIE , Dir 7...

feet degrees mph degrees mph degrees myll

Surface 050 21 060 21 060 2
1,000 070 22 060 22 0702
2,000 080 21 060 22 070 24
5000 090 20 090 25 070 22
000o 090 21 090 22 070 22

50000 090 20 090 25 070 24
6OOO 100 22 1. 090 22
7 ,000 110 22 ... 090 12
,0000 110 22 ... 080 23

9,000 120 23 100 22 080 21
10000 110 1i4 100 22 080 17
12,000 110 16 100 13 090 17
14,000 120 10 110 15 090 15
15,000 (110) (12) (11O) (16) (090) (16)
16,O00 110 13 110 17 090 18
18,000 120 13 110 15 090 V7T
20,000 120 13 120 18 090 17
23,000 140 21 120 17 100 15
25,000 150 23 130 21 120 18
30,000 16o 26 140 23 130 23
35,ooo 170 29 (140) (26) (150) (24)
7,ooo - -- 140 28 .....
0,000 150 26 200 33 170 25

44,000 --- --- - 180 46
45,ooo 160 23 ...-- ---.
50,000 190 30 190 28 200 20
54,000 100 14 ... .. ....
55,000 (110) (13) (11) (18) (150) (12)
56,000 .- --- -. 110 10
57,000o . 070 15 -....
60,000 150 08 060 17 100 20
62,000 06o 20 ... .. .....
64,00... . -- 110 08
66,000 ..- -. 1238 --- --
70,000 090 29 090 23 060 23
""0Pooo 060 45 ..

89,000 ... .. ..... 110 57

" Numbers in parentheses are estiimted values.
2. Wind data was taken on board ship located within 30 naiutical

miles of the Tower al. Nan, Bikini Atoll.
Tropopause height was 52,000 fh MSL.It. The surface air pressure was 14.66 pet, the temperature 27.4°C,
the dev point 74°F, and the relative humiditY 78*.
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OPMATION IRDTMACK I Walnut

PPG Time GMT Sponsor: IASL
roTE: 15 Jun 1998 14 8.958
-- 7T8I: 0630 1830 SITE: PVC - Eniwetok - 5,000 ft

SW of Janet
110 39' 37" N

1620 13' 31" E
Site elevation: Sea level

}HEIGH1T OF BURST: 7.21 ft

TYPE OF BURST AND PIACIRZAMT:
Surface burst from barge-CLOUD TOP HEIGHT: 61,ooo ft MSL on water

CLOUD BOTTOM ILEIGIM': NM

REMARKS:

Only individual island dose rates are available. These were obtained
from Radiological Safety organization helicopter surveys at 11+4 hours.
The helicopter survey technique called for the pilot either to land
the aircraft at the desired spot, so that a ground reading ccald be
obtained, or to make a slow pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a factor of
2 in order to obtain a reasonable approximation of the true ground
reading. The basic instrument used in the aerial surveys was the
AN/PDR-39 survey meter modified to read up to 500 r/hr. The t""'
decay approximation was used to extrapolate the H+4 hour dose-rate
readings to 11+1 hour.
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TALE Si ENIWETOK WIND ATA FO HARMACc( - WALNUT

Altitude II1- hour )1145 hours H1l10 houre
(MSL) DIr Speed Dir Spned 1A r S~x.ed
feet degrees mph degreea mph degrees myh

Surface 070 16 100 17 080 17
1,000 070 22 070 25 060 17
2,000 080 22 080 0 070 21
3,000 090 22 100 20 080 21

,000 090 22 100 20 090 21
5,000 090 20 100 18 090 24
6,000 090 17 110 21 090 26
7,000 090 15 110 21 090 24
8,000 090 15 110 17 100 20
9,000 100 15 110 14 100 16

10,000 100 15 100 15 120 17
12,000 090 15 .20 10 090 12
114,000 110 17 110 08 110 07
15,ooo (110) (20) (120) (09) (110) (08)
S16,ooo 110 23 130 12 110 09
18,000 110 23 120 22 120 15
20,000 110 21 130 20 120 14
23,000 150 14 110 07 130 14
25,o00 200 13 130 07 14o 108
30,000 180 29 160 14 170 24
35,00o 190 24 160 2'9 (170) (26)
40,000 210 26 160 28 170 28
140,ooo 150 16 16o 26 170 45
50,000 140 16 180 30 220 28
55,000 110 09 170 06 ---
57,000 ... .. 050 15
60,000 080 20 080 17 090 20
65,000 100 26 110 30 (090) (23)
70,000 090 29 090 28 080 P8
75,000 090 48 090 39 (080) (38)
8o0,ooo 090 57 090 53 090 59
85,000 090 69 090 69 --- -

90,000 090 73 100 76 080 54
95,000 .... 1 77 `.

100,000 .. 100 90 090 83
105,000 .. 090 94 09o 78

NOTES:
:'Numbers in parentheses are estimated values.

2. Wind data was taken by the Eniwetok weather station.
Tropopause height uas 54,000 ft MSL.The surface air.gressure was 14.66 psi, the temperature 27.10C,
the dew point 76 F, and the relative humidity 84,t.

air.....- ...252 . 66

.. ........ ..........A¼..... ......-



ib
in ci

InI

m0

InI

4P

4;.

"IdP

-. ,2S3



- .. .... ......... . -. . .... .m r v "• ... . . . . .-- -. - .

OPERATION ?1R1YI'ACK I - Linden

PG Time GMT Sponsor: LASL

rATE: 18 Jun 1958 18 Jun 1958
TIME: 1500 0300 SITE: PPG - Eniwetok - West of

Yvonne, 4,000 ft from

the island

110 32' 39" N
1620 21' 23" E

Site elevation: Sea level
Water depth: 33 ft

HEIGHT OF BURST: 8.25 ft

TYPE OF BURST AND PIACE14ENT:
Surface burst from barge on
wateir

CLOUD TOP }HEIGHT: 20,000 ft MSL
CLOUD BO'FTOM 1U.IGHI1': NM

REMARKS:

Only individual island dose rates are available. These were obtained
from helicopter surveys made by the Radiological Safety organization
at 11+4 hours. The helicopter survey technique called for the pilot
either to land the aircraft at the desired spot, so that a ground
reading could be obtained, or to make a slow pass over the desired
spot at an elevation of 25 feet. Readings taken at 25 feet were
multiplied by a factor of 2 in order to obtain a reasonable approxi-
mation of the true ground reading. The basic instrument used in
the aerial surveys was the AN/PDR-39 survey meter modified to read up

•' ~to 500 r/hr. The t-1'2 decay approximation was used to extrapolate i

the H+4 hour dose-rate readings to H+1 hour.
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TABLE 52 ExII =K WIND ,TAL FoR OPEATION HARroPAC.. I - LIMfDEN

Altitude H-hour H+3 hours IIS Mhiurs
(MSL) Dir Speed Dir 0p e t~ ~ d1
feet degrees mph degi"es mph deriee mph-

Surface 110 18 110 18 070 16
1,000 090 17 080 2.4 ...
2,000 100 14 080 15 ... ..

',000 120 12 090 12 ....
,000 120 12 110 09 .....

5,000 iM0 09 110 10 .....6, oo0 120 09 1iO 08 ....
7,000 120 05 100 07
8,000 120 05 100 05 ... ..
9,000 110 07 080 07 .... -

10,000 100 15 090 09 ..
I1,000 110 14 110 12 .....- -

14,ooo 14o 12 120 09 ...
15,000 (130) (14) (120) (12) (M.2) (14) I
16,000 130 17 130 14 120 1418,000 110 24 110 25 130 18
20,000 100 20 110 23 120 16
23,000 100 16 100 12 130 10
25,000 14o 13 140 13 140 07
30,000 060 15 070 13 080 0735M00 070 25 ---- 04o 12
4o,ooo 320 07 010 l4 320 13
41,0O0 .. -- 290 17 --- --
45,000 34o 13 ... -- 34o 22
50,000 030 07 010 OT 060 07
55,000 120 15 140 13 200 14
60,000 100 16 090 09 090 23
65,000 090 37 ... - 090 26
70,000 100 38 100 33 ---..
75,000 120 4o ... .. .....
80,000 100 48 100 52 .....
85,000 090 63 ... .. ... ..
90,000 090 69 090 74 .....
95,000 090 85 ... .. .....

100,000 100 110 100 95 ... ..

Numbers in 'oarentheses are estimated valuem.

2. Wind data was taken by the Eniwetok ueather station.
3. Tropopause height vas 54,OOO ft MSL.

•. I4. The surface air pressure was 14.65 Psi, the temperature 31.,00,Sthe dew point T7.50°F, and the relative himid ity 71%.
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OPERATION HARMIACK I - - Redwood

PPG Time GMT Sponsor: UCRL
DkTE: 28 Jun 1956 27 Jun 1958
TIME: 0530 1730 SITE: PPG - Bikini South of Fox

110 41 ' 14" N
1650 24' 54" E

Site elevation: Sea level

HEIGHT OF BURST: 10.79 ft

TYPE OF BURST AND PLACEMENT:
Surface burst from barge on
water

CLOUD TOP EMHT: 51,000 ft MSL
CLOUD BOTTOM IMIGHiT: 28,000 ft MSL

REMARKS:

Only individual island dose rates are available. These were obtained
from Radiological Safety organization helicopter surveys at H+4 hours.
The helicopter survey technique called for the pilot either to land
the aircraft at the desired 6pot, so that a ground reading could be
obtained, or to rake a slow pass over the desired spot at an elevation
cf 25 feet. Readings taken at 25 feet were multiplied by a factor of 2
in order to obtain a reasonable approximation of the true ground reading.

The basic instrument used in the aerial surveys was the AN/PDR-39 survey
meter modified to read up to 500 r/hr. The t-1"1 decay approximation
was used to extrapolate the H+4 hour dose-rate readings to 11+1 hour.

258

4'/,',
be'.;



CIJ o

259-



TABLE S3 BIKINI WIND DXTA FOR 0EFRATION 1JARIrACK I - REDWOOD

Altitude I1+;k hour H+9• hours 1i+12•-; hours
(MSL) Dir Speed Dir Speed Dir Speea
feet degrees mph degrees mph degrees mph

Surface 070 23 080 23 090 25
1,000 070 23 090 29 090 33

2,000 070 25 080 29 100 29
3,o00 070 23 090 28 100 24
4,000 070 20 090 26 100 12
5,000 o8o 18 100 23 110 17
6,ooo 100 21 100 22 110 16
7,000 100 22 110 22 110 23
8,000 110 22 120 20 110 25
9,000 110 23 110 18 110 28

1.0,000 110 23 120 20 110 24
12,000 110 21 110 20 120 25
14,000 110 20 120 21 100 24
15,000 (110) (18) (11o) (21) (l1O) (25)
16,000 100 18 110 21 100 26
18,000 090 16 120 25 120 29
20,1000 100 18 110 21 110 23
23,000 080 12 100 22 130 20
25,000 140 12 100 28 14o 23
30,000 070 06 --.-- 120 23
35,000 18o o8 -- 40o 07
4o,ooo 170 16 --- 190 07
45,000 210 26 --- 220 09
50,000 230 24 .. 040 16
55,000 310 07 --- 14o 18
6oooo 130 08 --- 080 28
65,000 ..... 090 41
70,000 ...... 100 54
72,000 ...... 110 46

NOTES:
1. Numbers in parentheses are estimated values.
2. Wind data was taken on board ship within 30 nautical miles

of the tower at Nan Island, Bikini Atoll.
3. Tropopause height was 52,000 ft MSL.
4. The surface air pressure was 14.65 psi, the temperature 27.3 0 C,

the dew point 78.5 0 F, and the relative humidity 92%.
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OPERATION ]ARDI'PCK I - Elder

PPG Timo GMT Sponsor: IASL
D&TE: 28 June 1958 27 June 1958
TI1E: 0630 1830 SITE: PPG - Eniwetok - SW of

Janet 4,000 ft to
neurest edge of island
110 39, 48" N
16, 13' 48" E

Site elevation: Sea level

HEIGIr' OF BURST: 9.17 ft

TYPE OF BURST AND PIACFMtENT:
CLOUD TOP HEIGJ1T: 50,000 ft MSL Surface burst from barge on
CLOUD BOTIOM 1D•IGIrl: 12i water.

REMARKS:

Only individual island dose rates are available. These were obtained
from Radiological Safety organization helicopter surveys at H+4 hours.
The helicopter survey technique called for the pilot either to land

the aircraft at the desired spot, so that a ground reading could be
obtained, or to make a slow pass over the desired spot at an elevation

of 25 feet. Readings taken at 25 feet were multiplied by a factor of 2
in order to obtain a reasonable approximation of the true g-ound
reading. The basic instrument used in the aerial surveys was the AN/PDR-39
survey meter modified to read up to 500 r/hr. The t-1-2 decay approxi-
mation was used to extrapolate the H+4 hour dose-rate readings to H+l
hour.
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TABLE 54 ENIWETOK WIND DATA FOR OPERATION ]ARMTACK I - ELDER

Altitude H-,- hour H+5w hours 11+i-!5 hours
(MSL) Dir Speed Dir Speed Dir Speed
feet degrees mph degrees mph degrees mph

Surface 080 24 090 17 100 16
1,000 070 26 070 23 100 26
2,000 070 26 090 24 100 26
3,000 080 24 100 24 100 26
4,0OO 090 22 100 22 100 26
5,000 090 22 110 24 100 26
6,000 100 22 100 28 100 26
7,000 120 23 110 23 100 26
8,000 130 21 110 22 100 26
9,000 130 22 100 24 100 30 I

10,000 120 20 110 26 100 31
12,000 090 20 100 22 100 26
14,ooo 090 18 100 22 100 26
15,000 (100) (r7) (100) (22) (10o) (16)
16,000 110 16 100 22 100 06
18,000 120 13 120 22 080 33
20,000 110 16 120 22 (o6o) (20)
231000 11O 16 120 17 100 18
25,000 090 15 100 il 110 23
30,000 230 16 180 21 140 28
34,000 .. 16o 38 ---

35,000 190 33 (1.60) (37) 140
40,000 180 47 16o 29 190 26
45,000 180 23 (220) (21) 240 07
50,000 180 23 280 13 150 13
53,000 .. 180 13 ....
55,000 120 13 (160) (14) 270 30
60,OO0 100 26 100 18 110 23
65,000 100 28 --- 090 47
70,000 060 46 100 48 090 56
75,000 100 47 --- 090 56
80,000 090 61 090 62 090 61 .
8-,oo0 09o 67 090 74
90,000 09o 93 100 87 090 87r
95,000 090 90 .. 090 90
100,000 1. 100 105 ..
105,000 ... 100 117
110,000 --- 100 107 --116_,ooo ---. 1.00 g0.o _'•

"NOTES: 0
1 . Numbers in parentheses are estimated values.
2. Wind data was taken by the vniwetok weather station.
3 Tropopaurc heig!ht was 52,000 ft MSL.

4, • .. :'irt'f', ,ir pre'zvure wai.; 14.63 psi, the temperature 27.4 0 C, the
dw point 7'iOF, and thc relative humidity '(8%.
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OPERATION HARDTACK I - Oak

PPG Time GMT Sponsor: LASL
1TE: 29 June 1958 28 June 1958
TIME: 0730 1930 SITE: PPG - Eniwetok - 3 mi

SW of Alice
TOTAL YI1LD: 8.9 Mt 110 36' 28" N

1620 06' 28" E
Site elevation: Sea level

FIREBALL DA•TA: Water depth: 13 ft
Time to 1st minimum: NM
Time to 2nd maximum: 2.98 sec HEIGHT OF BURST: 6.5 ft
Radius at 2nd maximum: NM

TYPE OF BURST AND PIACP4ENT:
CRATER YMTA: Surface burst from barge on

Diameter: 4,400 ft water
Depth: 183 ft

CLOUD TOP I[EIGIIT: 78,000 ft MSL
CLOUD BOTTM HEIGHT: ?M

REMAH(S:

Only individual island dose rates are available. These were obtained
from Radiological Safety organization helicopter surveys at H+4 hours.
The helicopter survey technique called for the pilot either to land the
aircraft at, a desired spot, so that a ground reading could be obtained
or to make a slow pass over the desired spot at an elevation of 25 feet.
Readings taken at 25 feet were multiplied by a factor of 2 in order to
obtain a reasonable approxinmation of the true ground reading. The basic
instrument used in the aerial surveys wan the AN/PDR-39 survey meter
modified to read up to 500 r/hr. The t-1-2 decay approximation was
used to extrapolate the H+4 hour dose-rate readings to H+1 hour.
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TABLE 55 ENIWEIVK WIND DATA FOR 0PEATION HA.RDTACK I - OAK

Altitude 11-, hour 11+4'1 hours 11+9'; hours
(MSL) Dir Speed Dir Speed Dir Speed
feet degrees mph degrees mph degrees mph

Surface 120 16 090 12 100 22
1,000 090 22 080 17 100 30
2,000 100 24 080 22 100 30
3,000 100 24 080 22 100 28
4,00o 100 24 090 20 100 60
5,000 110 22 100 20 100 23
6,000 120 20 120 17 100 16
7,000 120 20 120 17 100 18
8,O00 120 20 130 17 100 18
9,000 130 18 130 17 100 17

10,000 i!4 0 17 130 17 100 13
12,000 150 16 130 18 120 13
14,000 130 18 150 22 130 12
15,000 (130) (17) (150) (21) (130) (09)
16,000 130 17 150 20 130 07
18,000 130 17 150 20 130 07
20,000 130 18 160 20 200 05
23,000 14o 17 160 26 170 12
25,000 140 22 150 23 170 12
30,000 14o 16 14o 20 190 09
35,000 --- 14o 16 160 10
4o,000 120 20 110 16 100 16
44,ooo 060 14 --- . ....-- --
45,000 (070) (1) 090 18 080 17
50,000 090 13 160 21 14o 08
55,000 (100) (12) 070 08 040 12
57,000 110 12 --. -
60,0oo ...-- 080 31 o80 30
65,000 .. 090 33 100 35
70,000 .. 09a 43 090 41
75,000 --- 090 56 090 54
80,O00 .... 100 67 100 67
85,000 .. 100 97 090 78
90,000 --- 090 72 090 84
91,000 090 73 - --

95,000 --- . ... -- 090 891o0'ooo ... .. .. 090 95
105,000 ---.. 100 106
110,000 ..... 100 115

114,00 - - 090 121 I
S, NOTES:

1 . Numbers in parentheses are estimated values.
2. Wind data was taken by the Eniwetok weather atntion.

Tropopause height was 50,000 ft MSL.The surface air pressure was 14.64 psi, the temperature 27.30C,
the dew point 76.5 0 F, and the relative humidity 87%.
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OPERATION 1IARDTACK I - Hickory

PPG Time GMT Sponsor: UCRL
DATE: 29 June 1956 29 June 195b
TIME: 1200 24oo SITE: PPG - Bikini - Off vet

end of Ta'e
110 29' 46" N

1650 22' 15" E
Site elevation: Sea levol

HEIGHT OF BURSPT: 12.11 ft

T)TE OF BURST AND PIACEKENT:
Surface burut frm bar•Co on

CLOUD TOP HEIGHT: 24,000 ft MSL water
CLOUD BUIv'IOM HEIGIHT: 12,000 ft MSL

CRATER DATA: Not available

REMiARKS:

Oily individual islarnd dose rates are available. These were obtained
from helicopLer surveys made by the Radiologieal Safety organization at
H+4 hours. The helicopter survey technique called for the pilot either
to land the aircoraft at the desired spot, so that a ground reading could
be obtained, or to make a slow pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a factor of 2
in order to obtain a reasonaole approximation of the true ground reading.
The basic instrument used in the aerial surveys was the AN/PDR-39 survey
meter modified to read up to 500 r/hr. The t-1' 2 decay approximation
was used to extrapolate the 11+4 hour dose-rate readings to 11+1 hour.
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TABLE 56 B3IKINI WIND r\TA FOR OPERATION lk\RDTJJC1( I - IIIC(OPY

Altltud21 11-houi' 11+6 hourtn 11+1.21 hours3
(msi,) Dir 13pead Dir O3peed Dir Sped
fact droc mph degreou mph du&greeui mph

Surfacu 090 09 050 23 080 17
1,000 080 2,3 080 28 080 22
2,000 080 23 080 36 080 214
3oO00 080 24 080 36 080 213
4,000o 090 24 090) 16 Oao 21
5,000 00 2w4) 090 31 6101 20
6,0000 090 21 080 1 ) 060 21
7,000 01,K01 090 24i 060 221
0,000 090 t? 090 2 2 070r A8
9,000 090 17 080 15 090 22.

10,0000 100 18 07(0 12 090 20
122,000 100 111 050 13 070 21
14,000 110 2.5 070 114 070 21
15,000 (200) (2w) (070) (in) (0(0) (22.)
16,000200 lu 20 060 08 070 21
18,00 2.) I10 V 1, 040 1' 060 2
v0,0000 2.2 in0 16 0~ i
23,00m) 10) 09 0."0 06 040, 09
P5,000 060 00 W.U OWu 16
30,000 uIll 011 010 07 050o 0 3

?soo 0ý0u l8 IO00 U8 .WI P
to~~1 09u Wu 070 08

50,00 ..w 11() 10 060 '
55,00-350 12 350

650,ooo WO 120 25 0%) 18
7(0,0000w 070 411 Ow 6'
ItP 00( WO .. 0 41. .-

T, Nuwbv,'u ill 1%vo'llt~wilu Akru ttat~imvLad valuets.
R, Wtind data waii tukim" oi board Will) w ~h iii 30 ;Iutioal milup. or

the týuwv tt. Nu~n lulasn2., Olni AWu1l.
Trupllauu i oIiIL wito 51,OU C41 t Mill,,
1r1t) murL'ehu'' Mir ~Il-lor i011 A,() ni" we14 mo I'l tvsIv)%Lr114,'Q
t~hu divw po inti i. j' 1ami theI# r.' 1a va huml-i tIty 114%.
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CIPIATION IWIDAICJIA I -Sequoia

PPG Time Wv1 Sponsu~r: LASL
DATE: 2 July 1956 1 July 1956
TIME: 0630 1830 SITE: FPOG - Eniwetok - mi

- vest of Yvonne
110 .32' 39" N

1620 21v 23" E
Site elevation: Sea level.

IIEIGHI OP B3URST: 6.5 ft

TYPE' 0F 131M.)T AND) 311ACPMN'NT:
Suri'a~o bur~it IVrum bargeo

CLOUD) TO}P ID'HIGIIT: 1.7,000 i't MOL on W'ator
CLJOUD 1'30TrViO IfINGH'r: NM

Onl1y individual 4Iii Ii& idom.,luv 1,.1w 14 Vr i )VL& £I LIQ Thmu , I]~iuWort. wb LulInn
f'rom N~diclo~Iu'g al Vu Ly unjt iiuLmI ui,. ho I tooptwr i 1 u vvyn lit, Il+l hkon ,i.
Thu hllo 1bop~t~ur uuv voy toonhI qtuo Luu .ot. 1''i I Lhiu p1 ut, tlthuit.1 W 1.11nd

th~a I~'or1V at, tho Umltml u "' pol. i no thut, a grotund road ing, (u o U

obtuinvtdp or Lo nvAlto4 u ulow pitsu uoVP t~ho U~uu 11'( put u tUL 111 0.,Vakt'iol
oV 25 lout. Ielldiing tlikon t, 21) Neot wore mu] tip] Iod by U& DxtuuLW
o:" 2 In ox'der to obtuAIIn u rtoaoouub IA~ ppvuoKltn~t, Loll (A' thi. Lrklu iground
readitig. Thu ban le inutmmtunt uz~U lit tho aurtu ti,.irvoyui wlin thi'
AN/PDRt-39 BUI'VOY mu tol' M01iflodtd'P to I-010t UP Wo W)0 T/hr, Thut- L--
da-my upprox ttnaticli wani um)ed to uxtrupott~tu tho 11.4-hl houl dotio-)'Utu
resd injLp to 11+I, hour.
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TABLE S7 EIWMTOK WIND DLTA FOR OPERATION HARDTAOC I- SEQUOIA -v

Al•titude - H-h- hour ... 1.' hous a.... . ... 4~O hour~s "•

(MSL) Dir Sp'eod tir Sp,,od Dir Speed
feet degrees mph degrtee mph degrees mph

Surface 100 14 080 18 090 18

1,000 090 20 090 18 090 23
2,000 090 22 090 22 090 24

,000 100 22 100 22 090 214
0000 ioo 26 100 22 090 23

50000 100 23 100 24 090 226,ooo 100 22 100 20 100 20

7,000 100 22 090 17 100 17
8,000 100 25 100 11 103N9,000 100 21 110 zO0
10,000 100 18 110 16 100 16
12,ooo 110 20 110 16 090 15
14,000 130 15 130 l4 130 08
15,000 (120) (13) (130) (13) (130) (09)
16o000 120 10 130 13 130 12
18000 oro o05 100 13 M20 10
0,000 00 13

23,000 010 2g 010 18 040 1
25,000 340 1 3o40 22 020 0.
30,000 010 15 030 10 320 09

ý5,ooo OPO 18 020 18 020 07
o0,000 010 28 360 22 010 17

45,000 020 36 010 29 010 21
50,0o0 270o R6 340 22 300 17
55,000 010 18 310 1P 050 08
6o,ooo 080 14 100 PP 1i0 18
65,000 100 28 100 30 090 9
70,000 090 39 O0 090 j

8000 100 55 100 0 100 05
090 6 '90 54 090 6,

8 000o 100 7R 1000 0
90,000 090 68 100 090 06
", ,oo0 090 o0 090 90 09ou30

1,00o0'4Xo 090 98 .. 090 100
105,000 100 o8 ... .. 090 1o0
110,000 ... .. ... .. 090 '19
11,0000 "w e.M 10 8
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SCALE

0 10 20 30

Rise rate: 5000ft/hr

22.52252.
27.5 2.225

17.517.522.5 17.5 17.5

12.5 12.5 12.5

7575 7,

2, •.5 2.5

H-Hour + 02 H +O1 /2

Figurn 160. llodogritphu for Oportttoi IoIARIIVACK I luquoia.
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OPER~ATION .HARNIACK I -Cedar

PYF1 Time~ GMT Sponsor: UC1RL
IATE: 3 Julyv .958 2) July 1958
TIME: 0530 1730 SITE: PPG -Bikini -SW ofO

Charite, 4,000 f't fr~om
tile island~

Site elevation: Sea level

HEIcirr OF' BURST: 1.0,84 £t

TJYPE OF I106~T ANDl PLACWININ
Surrac~e burst friom barge
onl vater

____________ L;),o fC0 t MOL

if ~~~crotn 1(A~" i~~ .i it ' I)PlL1iZIA1,J~c)ii h1' 1 Lcupt d' w- V C tat Iflih hQuifl.
The hdIov: turvv.y touwhiqn. q ý.(IOA t.Cn Vol. ttil 1A.10 Ic it hop to Immi.1 they

~ire~rVt. 'L;%( deirc q7'(A ipL w thist A W~rn ug Al ~tIm ube hLiatmed
or' t,,) mettoI- uI U1(2w Itu over tilE detiutAe ciot (it 4t1 klavadtiot' uPl
rav~tt.~tid~ V~wW~ rtakot *4 I~'' at wor e munit pllod by i fOwtor 01, P ill
or~orto 1 ib,0 al tI it �tmam~hofuL )1)10iw.tono Lhu n tup g owiidrcdjn
Tll* @ibrwi, imat'uj1('imtt lgo~d 0.1 tho aetia oI) urvvOY1 wila 1.11( ANO"I'DIi-39
vUrv'J i mvt e~'ri m% W'Wi to re'.1 up to ',Q0 r/hm x' Tt, it ý 1(ýQ

if ~ ~~~~uprv0iflIlut olu 'w.tA uLJd u.)o t8mAltI'(L0l~ thu 114-11 hour dwiOL-ritt, roskIlnt rjo
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TALE 58 BIKINI WIND raTA FOl OPeraTION HIARDACK I CELAR

Altitude J,+- hour - If+& hOUrs - l+9• hours
(mmL) DIr od Di r Opeed Dir Speed
f eet degrees mph degrees mph degrees mph

Surface 080 18 090 16 090 18
1,000 090 26 110 080 22
2,000 100 29 100 23 090 25
3,000 110 30 080 28 090 26
4,000 110 29 100 25 100 28
5,000 110 28 090 25 100 26
6,ooo .10 24 080 24 100 25
7,000 100 24 080 '3 070 24
8,000 100 25 080 28 100 22
9,000 100 21 090 30 110 26

10,000 090 20 090 30 100 28
12,000 080 16 090 211 120 21
16, 000 030 13 070 20 i 080 20
14,0000 06o 13 070 P1 08o 215,000 (o4) ('3) (07o) (20) (090) (20)16,ooo 030 13 070 20O 100 20 •
18,000 350 03 050 17 060 13
20,000 270 12 Calm Caim 34O 05
23 ,v 1.3 CuO l Ca,1m 34O 08

500ooo (1P.o) (6) ;80o 1.0 300 07
30,000(. 2o , 4 1'W 220 16
5,o000 o00 33 210 Pl 11o 047(
0,000 210 4o 1110 1'(' 220 53

45,ooo 00 1 O I4 P.40 39 ?20 38
50,000 250 28 220 46 230 41
53,ooo ... 240 38 ..
55,000 2o,60 20 ;.... 290 09
60,000 090 22 -n- 100 26
65,ooo 080 28 100 31

Numbr.o [it paronthaena kra estinated valun.,
2. Wind data wam t.kon on board Phip withfit 30 naittloal wilvi

of the Tower at Nani taland, Bikini Atoll.
Tropopatuao hoi•i•, wim 11,000 Vt MUL,
Tite aurl'Louv ML' air pru•iUU n w 114,65 psi# the tomporature 00,-460
the duw )u•iont 'T•,6h31, and thu ivlat/ivo humidity 7()%,

Igo
- " zm zzzr,~



IS
"442..

'7..5

. 2,2.5

27.5 ~3.

s12.5

N-Hour

' 425

17.5, 22.5 52 67.5

27.5

7.r5 •57,5
42.5

H , •Z"s 12.5

12.5 52.5
32.3 SC 8ALE

7 5 . 0 20 40 ,0

5 miles

Rpigse rate: 5000 ft/ht1 8 2.5 42.5.

FH H+9y2 S 2.5
i 47,5

47.5

.illure 1m2. flodogrphis for Operuttor I1APUIYTACK 1 Cedar.
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OPiMATION I\1RDTAO' I D 1ogwood

PP'G Timn Gr, Sponsor: UCRL .

]DTH July 1958 5,* July 19563
TIME%: 0630 1830 SITE: PPG - Eniwetok O W of

Janect 4,000 ft to nearest

edge of' io-land (S3ta. 1312)I
110 39, 48" N

1620 13, 48"1 x,

MUIGHPl OF BU1I5T: 12.25 f t

MEP OF" BUROIT AND) PIAC4I~NT:

cJ10DT~'1t1IG1'r: $8,C.)O~ ~Surifict. burutt Vrom baigce

CL.OUD) 13(M."W1\) 11, 01ri : L ,0O0 ft MIS

Oil .ly il"A L 1111,1 It )Al dJ.LnM (L IM. i ti n i t-0 1A I 101 t.,. Thute uc weru obt u~ Izid
1'rorn I0vilol Ugi va i. 8u vety urpim: l za I..1ot h' 1 c opto r nimurvoiyu ut 110i~ huuru .
TIhe holle optu z nur vvy *,eehniqm? c&u .1 d Voi tho pi lot vithcr to lund
thc' al r~r.at't Rt, tji.' (luvni ed itpot. *,ito thkt, a gvouml ouad inci, eon Id bce
obtaitio'd)u, orto :wak' u ulow picm u% ovr tho deoirod uput, 1AL an elevatiorn
Of'P~ f'J', NOL HItvad.I. Iw taLkoni at, ;"5 N'ot, woe p'mutt~p!. 1]h d by a 1,aetor

or ? it, oi~dvi.t (ALII o tiI a ~voiLtiunblIu appiJoituX tWClout ot' the~ truc
groumn )I raI 'V110 * hebnLe 1M.1111 it un m IL IIId tilt) ar na I ulu'veyo
wmu "hot AN/1'DH1-I; , ) mlti'vUy TTutu 0LUR lLdtiucI to r'4oud up to I=0 i/hr. 'Vho
t *U ceitey aIPI.Xpioxitttiol itu WuUtied to uxt~lI)oIIato tilt 11+4 hour' (uoe-
rato ro'ad ingu tu 11+1 hour.
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USE S9 g WIIW'OK WUID DATA FOR8 'AOTIZO KUACK ZI- D0WVMD

AltMtudt If-* hour I hourp _H40_4
(L , r .. Dod Mir IePd Dir ,.l4
root dergtel mph deogrov mph delgrmes ion

Burface 00 18 09 i.8 080 A.
1,0000 06 DO 06 17 060 1.6
9,000 080 24 090 20 070 i8

0000 90 1 100 17 76a

0000o 090 a O0 15 009000 00 90 100 114

0000• •00 1 10.0 Iz 1190 14
4 000• 00o No 10 1o 0.90 15

000 3080
9,000 00 9. 080 17 M R

10,0000 03 0 090 1 090 3)4
00,000 100 14 090 0 100 17

100 16 090 100 1.
'k,000 (100) (1.7) (100) (10) (130) (1.6)
1 m000 1.00 1 110 to 10 15
36000 100 go 1.10 a, I.N I.
10,000 1.00 ±fl 1.10 1.7 um3 to0
93,000100 1.8 I 1.00 1? 1.10 16
"03000 WO 1.. 0 -1.00 .9
30,000 1801 30 1410 g

030 ISO 18 1.60 1.8 1.60 111
1090 1.6o0 a 1.60
145,000 31.0 '0 300 19 1.40 3
30,000 100 1.9 130 It 3140 15
59,000 090 1.7 1.4 A14 Os
4610%C 030 10 090 060 so

6500000 em m 300 0090m m
3.0000'f0 mm. m 090 * ~ mmm

50, 05n0 det %ccthn~ . ~wtg esw t~,
Ic00gggjI Y0tiic. uI0d u~ia

ROOM 1=0

A ~* ~ ~ ~ ~ ___________________00 -.

"0000 010
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.2 2.50 o 0

1285



OPERATION 11ARDTACK I - Poplar

PPG Time GMT Sponror: UCRL

DATE: 12 July 1958 12 July 1958
TlME: 1530 0330 EM: PPG - Bikini - SW of

Charlie, 71500 ft from
the nearest edge of island
110 4•V' 17" N

1650 15' 52" E
Site elevation: Sea level

HEIGHT OF BURST: 1.166 ft

TYPE OF BURnST AND PIACEM4hENT:
Stu'face burst from barge on

CLOUD TOP htIG![: > 61,000 ft MSL water over reef
CLOUD BOTTOM 1hZGacT: 42,O00 ft MSL

REMA RKS:

Only individual island dose rates arm available. These were obtained
from the Radiological Safety organization helicopter surveys at
H+4 hours. The helicopter survey technique called for the pilot
either to land the aircraft at the desired spot, so that a ground
reading could be obtained, c-v to make a slow pass over the desired
spot at an elevation of 25 feet. Readings taken at 25 feet were
multiplied by a factor of 2 in order to obhain a reasonable approxi-
mation of the true ground reading. The basic instrument used in
the aerial surveys was the AN/PDR-39 survey meter modified to read
up to 500 r/hr. Th t- decay approximation was used to extrapolate
the i1+4 hour dose i'ate readings to H+1 hour.
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TABLE 60 BZKINI WIND DATA FOR 0'E1ATION ]ARMfACK I - POLAR

Altitude I+' hour 11+8'. hours
S(MSL) Diir Speud Dir Speed
feet degrees mph degrees mph

Surface 060 14 070 18
1,000 070 22 070 21
2,000 060 24 080 24
3,000 060 22 080 22
4,000 060 22 080 20
5,000 050 22 090 15
6,000 060 21 090 14
7,000 070 18 080 17
8,000 070 14 080 20
9,000 070 07 0130 21

30,000 060 13 07(0 24
12,000 080 22 070 1614, ooo 100 18 090 21

10,ooo (10 ) (oo) 1
16,000 12.0 13 100 21
18,000 120 16 120 16
20,000 150 1 180 16
236,00 220 07 100 16
25,000 26o 08 100 14
30,000 ... ;0 09
35 otO 00... 2 10 16
40,000 ---. 210 17(
145 ,0 0 0 .. .. 1.3 0 2 ]
50,000 .... 210 31
55 ,000 ... 180 12
6o, ooo ---. 090 25
65, oo0... 090 24
70,000 ... 090 36
72,000 ... 080 47

NOTES:
1. Numbers in parentheses are estimated values.
2.. Weather observations were made using the standard rawinsonde

system on Nan Island (Bikini Atoll) adjacent to the Nan Tower.
Additional data was taken on board destroyers.

3. Tropopauoc h,.lht wtis 55,000 ft MSL.
4. The surface air pressure was 14..2 psi, the tempe rature 27.9 0C.

"the dew point 81.90F, and the relative humidity 99%.
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SCALE 7 J?4.5

0 20 40 60 72.5
miles

Rise rate: 5000ft/hr
,67

27,5 32. 4-,6 !62.5

22.5• 52.5

57,5
17.5q 42.5

22.5
175 _ 27,5 12.5

02.5

2.5 S

~H oA~ ur H1+82

Figure 166. H1odographs for Operation ILARTACK I - Poplar.
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OPERATION IHARM=1\CK I - Seaevola j
PPG Time OMT Sponsor: IA=L

MYTE: 1M July 195U 14 July ].95
TFIRM: 1600 0400 SITE: PPG - Eniwetok - Off

Yvonne

110 33' 15" N
1620 21' 24" E

Site elevation: Sea level

}UEG1T OF BUMST: 20 ft

TYPE OF BURST AND PTACIT: NT
CLOUD TOP IfEIGHr: NM Surface burut from barge
CLOUD B0'110M HEIG•T: NM on water

I

No fallout.

I~I

)I
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OPEMTTION IARIJJACK I- -'i&izia

PYG Ti me GMT Sponsor: IASL
roTM: 1.8 July T9i 17 July 1958
TIME: 1100 2300 SITE: PPG - Eniwetok - 11,000 ft

W of Yvonne
110 331 N

1620 19' 43" E
Site elevation: Sea level

}10IGHT OF BURST: 6.5 ft

TYPE OF BURIST Art) PTACE4I'T:
Surface burst from barlte on

CLOUD TOP HMOIGIrr: 55,000 ft MSL water
CLOUD BOT")M 1,;iGHT: NM

Only individual island dose rates arv available. These wereobtained from Radiological Safety organization helicopter surveys

at 11+4 hours. The helicopter survey technique cailed for the
pilot either to land thu aircraft at the desired spot, so that a
ground reading could be obtained, or to make a slow pass over the
desired spot at an elevation of 25 feet. Readinrg taken at 0.5
feet were multiplied by a factor of 2 in order to obtain a
reasonable approximation of the true ground readIn'.. The basic
instrument used in the aerial surveys was the A!DR-39 survey
meter modified to read up to 500 r/hr. The t "a decay apprcxi-
mation was used to extrapolate the 1+4 hour dose-rate readings to H+I
hour.
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TMALE 61 ENIWET0I WIND DXTA FOR HARDTACK I - PISONIA

Altitude H÷+ hour H+6 hours 11+13 hours
(MsL) Dir S3peed Dir ý3peed Dir Speed
feet degrees mph degrees mph degrees mph

Ouwface Calm Calm 330 09 070 14
1,0OO 1.80 09 030 05 070 22
2,000 170 10 090 09 070 20
3,000 16o 14 090 12 080 17
S000 14o 17 100 13 090 15

5,000 130 14 120 14 110 15
6,000 130 12 140 16 120 14
7,000 130 14 150 17 130 10
8,000 120 10 150 18 120 10
9,000 120 08 150 20 110 14

10,000 120 13 150 17 120 18
12,000 110 12 130 13 110 14
14,030 1e00 09 100 12 090 14
15,000 (100) (o8) (080) (13) (080) (14)
16,o00 090 07 070 15 070 14
18,000 220 17 110 05 090 09
20,000 120 14 120 02 100 05
23,000 080 18 090 14 14o 09
25,000 o60 15 090 17 120 12
30,000 060 22 060 15 090 07
35,000 050 21 040 17 060 07
40,000 070 09 050 12 090 09
45,000 040 20 040 06 o4o 06
50,000 050 12 050 15 130 10
55,000 100 12 210 05 130 12
60,000 110 22 120 30 110 20
65,000 090 31 090 39 090 44
70o,0o 090 52 090 38 090 45
75,ooo 090 55 100 51 090 54
80,000 090 67 100 61 090 76
85,000 100 68 090 78 090 80
90,000 090 82 090 87 ... ..
95,000 090 75 090 98 ..
100,000 090 97 090 83 ..
101,0000 . 090 76 ..
105,000 090 101 0.9.0.

NOTESt
TL Numbers in parentheses are estimated values.
2. Wind data was taken by the Eniwetok weather station.
3. The surface air pressure was 14.67 psi, the temperature 26.8 0 C,

the dew point 74.9 0 FO and the relative humidity 83%,
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SCALE

0 20 40 60
miles

Rise rate: 5000 ft/hr

67.5 67.5

62.5
62.5

57.562.5 75.5

"52.5 52.52.
47.55. 75 47.5

42.5 42.5 37.5
375 37532.5

32.5 32.5 27.5
27.5 22.5

27527.5 17.5
22.5 22.5 12.5

17,5 1,W5

12.5 12.5 7.5

.5 7.5 S 2.5 S
S, 2.5 2.5

H+I Hour H+6 H+13

Figure 168. IHodographs for Operation HARDTACK I - Pisonia.
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OPERATION HARDTACK I - Juniper

:PPG Time GMT Sponsor: UCRL
MTE: 22 July 1958 22 July 1958

TIME: 1620 0420 SITE: PPG - Bikini - 4,000 ft
from west end of Tare
110 29' 46" N

1650 22' 15" E
y Site elevation: Sea level

HEIGHT OF BURST: 12. 11 ft

TYPE OF BURST, AND P]ACIvEDIT:
Surface burst from barge

CLOUD TOP I{IGJ1T: 40,000 ft MSL on water
CLOUD B0OTfMI )INIC}-Ir: 24,000 ft MSL

REMARKS:

Only individual island dose rates are available. These were obtained
from Radiological Safety organization helicopter surveys at 1[+4 hours.
The helicopter survey technique called for the pilot either to land
the aircraft at the desired spot, so that a ground reading could be
obtained, or to make a slow pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a factor of 2
in order to obtain a reasonab12 approximation of the true ground
reading. The basic instrument used in the aerial surveys was the AN/PDR-39
survey meter modified to read up to 500 r/hr. The t-4 32 decay approxi-
mation was used to extrapolate the H+4 hour dose-rate readings to H+1
hour.

I2
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5-..

• ME 62 BIKINI WIND DTAi FOR OPMATION HARIACK I - JUNIPER

Altitude H9:7 h-ur H+1• hours ,! •5; ho.irs
S(MSL) Dir " red Dir Speed Di r 4peed
feet degrees mph degrees mph degree.3 mph

Surface 080 16 100 09 110 07
1,000 080 18 100 16 110 13
2,000 090 20 100 16 120 14
3,000 100 21 110 17 120 14
4,00O 100 21 110 17 120 14
5,000 100 20 110 17 110 15
6,000 110 18 110 18 110 17
7,000 110 16 100 20 110 20
8,000 11O 13 o05 18 100 18
9,000 110 09 090 17 100 15

10,000 110 10 080 16 100 15
22,000 120 13 090 16 100 16

14,000 110 16 090 16 100 16

15,000 (1o0) (15) (090) (17) (100) (16)16,ooo 130 14 100 18 100 16

18,000 1.30 15 100 15 100 13
20,000 130 18 110 18 090 12
23,000 130 21 120 20 10i0 10
25,000 140 22 140 09 100 09
30,000 140 16 150 07 080 06
35,000 150 12 300 02 260 1.240,OO0 31.0 12 310 14 330 IO
45,000 090 10 070 13 300 13

50,000 120 12 120 0D9 050 09
55,0oo 230 07 320 03 060 07
6o,ooo 080 31 090 38 090 36
65,ooo 090 36 080 32 ...--
70,000 10o 48 080 38 ---

75,000 090 51 090 41 ---
80,000 080 63 080 63 ..
85,000 090 67 090 79 ---
90,000 080 67 090 98 ---

95,000 080 76 090 121 ..100,000 090 78 ---..

105,0(10 090 80 .....

N OTES:
-1. Numbers in parentheses are estimated values.
2. Weather observations were made using the standard rawinsonde

system on Nan Island (Bikini Atoll) adjacent to the Nan Tower.
Additional data was taken on bonrd uestroyers.

3. Tropopause height was 51,000 ft MSL.
4. The surface air pressure wai 14.64 psi, the temperature 30.8 0 C,

the dew point 78.9 0 F, and the relative humidity 76%.

i:
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S CALE 52.5

0- 10- 20 30 47.5 37

Milos 325 5 7.

Rise rote: 5000ft/hf 42.. 32.5
42.532-5 32.5

27.51..5 37.5
22.5 27.5

42.5 42.5 315 -

,~ ~2 2.5>5 ,.52.5

1775 7.5
417.5

475

12.5 12.5 1.

7.5.
7..5

$ 2.5 SS S 2.5

H + 74Hour H+ 7 -4  H+15% V

Figure 1 70. Hodographs for Operation EAR.DTACK I - Juniper.
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OPERATION HARDTACK I - Olive

PPG Time GMT Sponsor: UCRL
DATE: 23 July 1958 22 JuLy L958
TIME: 0830 2030 SITE: PPG - Eniwetok - SW of

Janet, 4,000 ft from

the nearest edge of

Island (Sta. 1312)
110 39, 48" N

1620 13' 48"' i
Site elevation: Sea level

mEIGJiT OF BURST: 8.0 ft

CLOUD TOP 11EIGIFIT: 50,000 ft KI3L TYPE OF BURST AMD PiAC1FN!,vIT:
CLOUD BOT TOnM ,i[)GH: 015,00 ft MSL Surface burst from barge

on• water

REMARKS:

Only individual dose rates rare available. These were obtaJnud
from Radiological Saft'ety orgn zation hl•l1copter surveys at H1+4
hours. The helicopter Lurvwy tuchniLqu called for the pilot
either to land the aircraft at the du,;1ru.d u;pot, so that a rground
reading could be obtained, or to make a slow priss over the dslred
spot at an elevation of 25 feet. Rcadiij, tuk'mn ,t 25 feet were
multiplied by a factor of 2 in order to obtain a reasonable up-
proximation of' the true ground reading. The basic instrument used
in the aerial surveys was the AN/PDR-39 survwy meter modified to
read up to 500 r/hr. The t-1'0 decay approximation was used to

extrapolate the H+h hour dose-rate rucidings to 1141 hour.
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TABL.E 63 ENnt'LMK VIND M)TA MRi OPMIATION IMAMI)ACK I- OLIVE

"Alt-itud" ll-P., hours .... _-hour _ I÷.' 1uri - I h' ouru
(MST,) DIr M.:Id II r ''•. DI r poti,: Di r S,W:,.rd
rout dogrueti "mpt dc'gr;QUu inpli dtigroca mph degroed - mph

Surfoice 310 18 230 18 130 18 1.60 21
10000 130 25 130 23 120 20 140 15
2,000 130 32 130 29 130 24 150 17
LOW0 130 P9 130 26 14o 22 150 21
4,OoX) 130 26 14o 24 150 20 150 21
500 ,OO 12 6 140 A 1r) 0 20 16o 21
6,000 130 26 140 24 150 22 i60 20

O0O0 120 29 130 28 1140 26 16o 17
,(C'M 120 29 130 2,9 1.40 28 140 1'r

90000 120 26 130 21) 14o 24 140 16
100000 1,2o P3 130 23 14o 22 14o 16
12.,0ooo 110 23 IMX 23 130 22 14O 20

1,oo00.. . (120) (23•) (13o) (22) (1 0) (18)
1.6, ooo 120 23 120 22 130 20 140 1.8
18,o00 ... .. ... .. 150 23 140o 20
200()00 0• 21 1.0 2•3 140 26 130 20O
23tOO0 14u 17 14O 17 130 IY 130 20
250000 14o 24 1110 18 14o 12 130 18
30,00 owb Oý V) 11)0 1I14 11 )0 12 11I0 15

? , OO0 0 190o 1? 180 17 160 17 1.50 10
10,()()( W.o 13 18o 15ý 180 17 200O 09
14!) ,0o0o h1110 10 140 1,4 130 18 100 10
50,0 Oow0.. 0 ( 090 l()' 11)( 07 3P.O 12

5,..o 04•o 15 0Y0 P)' 1.00 14• 090 26
6o, owx 100n 33 100 3: 10O0 31 120 23
65,0o0 070 33 080 3V 1.00 4 I 090 38
7o,o(yj ... . . .. 110 38 090 38
5,00 oo5... . .20o ' 090 59

;0,00o .. .. . .. 90 70 100 67
850,0Oo .. . .. . 100o 74 090 67
90,0000 . .. . . 090 82 090 89
91 ,oo .. . . .. . . 090 92•
94, ooo .. . .. . 090 90 ... .

"- ~NOT RS i
" "T.Numbers in parentheses ntro entimnted valuesl.

2 Vi, ,'d data u,ta taken by the Enivatok weather sltation.
;" 3. ~Tropopause heiglht %,as 48,000 t't W•L.
••. H-hour values were Intorpolnted froma H-2j hours and HI+31 hours_data.

J-. 5 . The surface air pr'easurn unI 114.64 pai, the temp•erature 26.40oC,
,, Wb ••the dew point 7f6uF, and the, relative humidity 89%.
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.6,4

,52,

62.5

257.5

252.5
M .5 .67.5

2 7.5

27. 5 62,.
122.5

$ 727,5

2 .5 12.5ie

4.5562.

2.5.

H +.122.

62, 
I" 

,

42.5 57

32.5 42.5

322.5 

S C A L E

II
17.5 0 20 40 60

.212.5 Milles

S 7.575 mile rate'. 5000 It/hr
H+9/ 2 X02.55

rigure 172. Hodogrtph, for Operation HARDTACK 1 - Ove.
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0PHUTWION HARDT7ACK I -Pine

P1PO 11T~rvo - GMT Sponsor: UCRLI
DAH" 2Y( July 19583 ý.') JULY 1.9)B
TINNW 0830 2030 SITE: VPP - Xnriwat.Ok -SW of

Jrinct, 8,ooo f't to
fl~t ?¶'t of'o JtAoland

.110 39' '"121 1

Site cewuition: 0 cs 1 lelvel

J~Of'01" 13(D\ý'I: 8.0 I'L

TYPE'I 01" BU1RY1 AND) VI ACI-IOWN~1
CLOUD' Witci'P N. ri va ilab 1'., Gur fi ou blio l LT.1 b ut.i k:

Only inll.V IdU11i I Iu It.iiildot rk[1 Mt.''u ti vo tiacb lv Theovo weoru obtutIincil
fromn the hitd iolohiul 1 1iV1,ty org11iniati on hull ooptui vurvuyst tit
11+4 hours~. The hol ic I u opvr vurivvuy toe hnitIqu o va lld !' r t he pi lot
either to lurnd thu nIrorul't at W112 douir-d upot., i0 that a isrorund

read rit! t- ou Id buobtui uIrimlo or to nw~ko a olo I wM a oveŽr thl, i'2 d I red
spot at all elo vVilcil t.Ion 251 P It * vit .:ul~ke ri at, , 5 iYo t WI.

multI p1 ld by u ILIItLov of 2 in ordl.r Lo obta lit .I Mruavoilbl.o.
approX imaiolt clouo thul 11 1 .ruutind ?'itItip. hc. lUiijLc Itwtriiment
uaed In thu aerial ourvuyu watt Ohe AN/1IJDi-3') tw-voy meter rnodll'ed
to read up to 500 r/... The t 1*2 docay tipproxlnvwition waca Ituod

to exti-apolute tho 11+4 hour dove-rate rtondinruo to 1141 hoUr.A9"
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TABLE 64 ENI•VEOK VIND iYTA FOR OPrrATION ItApDrACK I- PINE

-X I t it udr t- M1 r- 17 110 ioi rs _____

1ý,i~ D1 diir~ -uI lo iTjr~e tpi
M'VOL) clvr-T"---L .mph r ,ect,,,+-,u tmp =i,,,g..e_._ p

Surface 200 18 230 12 200 05
1,000' 210 17 .. 190 0820000 200 17 ... .. 2 0 07
•,0000 POO 17 2.. 4o Lp
,000 200 17 220 .13

5,000 200 12 220 07 210 13
6,000 190 12 180 09 220 13
7,000 170 05 170 10 220 13
8,000 200 05 70o 09 210 12
9,000 200 05 180 09 2oo 12

10,00o 200 05 180 10 200 12
12,000 170 05 180 08 170 10
14,000 1o0 06 170 09 210 10
15,000 (i40) (05) (140) (05) (210) (06)
16,ooo 130 05 160 06 2o0 02
18,000 080 05 190 05 Calm Calm
20,000 100 08 190 03 120 O'
23,000 14o 13 180 09 120 07
250000 160 17 160 1i 150 08
30o,000 160 26 150 1.8 14o 10
35,000 150 24 14o 26 120 20
4o,0ooo 1q 16 140 21 14o 26
45,ooo 200 16 1150 20 120 33
50,000 190 14 170 13 180 05
55,OOO ijo 14 130 114 120 15
60,000 080 23 090 23 130 23
65,ooo 090 41 .... -- .
70,000 100 48 ... .. .
75,OOO 100 59 ... .. ... .
80,000 100 69 ... .. ... .
85,ooo 100 81 ... .. ....
90,000 100 91 100 68 ...
92,000 .. 100 70 ... ..
95,000 100 90 ... .. ....

100,000 100 99 ... ...
105,000 100 240 ... .. ....
110,000 100 126 ... ..
115,000 100 232 .... ...

'! ~NOTMS
!7 Numbers in parentheses are estimated values.2. Wind data w:is tnken by the Fniwetok weather station.

, 3' ~Tropopatuse height was 52,000 r't W/L.The l1UrroiUeflht air prure 2,a 10.60 plsi, the temperature 26.7 0 C,

owl-, the dew point 75.50F, and the relative humidity 85%.

M.3
•.• : ,• + m • . +• + • '-- - ...................
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OPEATION HARDTACK I - Teak

PT G Time MIT Sponsor: DODDATE: .31. Jly 1.9'7,t 31 July 195-8
TIME: 2350 1050 SITE: PPG - Johnston Island

160 )4' 38" N
1690 32' 00" W

HEIG1P OF BUICT: 2C;0;000 ft

TYPE OF MUST AND PLACI•i.,EtT:
fliehl altitude burlstL IV1.01
Rodutonc missile over
vicinity of Johnston Island.

No locaL 1*allout. CLOUD TOP In.IOT•: NM
CLOUD )30'1P.M 1[E[G}If': NM

3I
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OFM•IATION HARDTACK I- ule

PPG Time GMT Sponsor: UCIU - DOD

DlATE: 6 Aug 1958 6 Au6 1958
T-Hn 1415 0215 SITE: PPG - FHniwetoh - Yvonne110-ii 33 ' 15 " N

1620 21'24 " E
Site elevation: Sea level

HEIG}rT OF BURS3T: 3 ft

TYPE OF BUMST AND PTACINENT:
Surface burst from platform

CLOUD TOP HEIGHT: 1,500 ft MSL on coral soil
CLOUD BOI'rOM 11E1-1r0.: NM

.4

RFWARKS:

Only alpha contrimination resulted from this detonation. Surface
alphs monitoring was conducted throughout the area on D and D+1 day
witn PAC-30 ga3-flow proportional alpha counters. Tho readings
we.., tnken ±n counts per minut-, corrected for the probe nrea,
and multiplied by the appropriate shielding factors to compensate
for tl-e roughness of the surfaice monitored. The two isoconcerntration
lines r•hown are the most significant ones, since 3,500 g,/m2 isthe chronic hazard limit and any concentration in excess of 1,0O0 141g/Ma
requires decontamination. It is interesting to note that in the great

majority of cases the alpha concentrations in the downwind area werz
higher on D+l than on D day.
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TABLE 65 ENIMETOK WIND nMTA FOR OPERATION HARDTACK I- QUINCE

Altitude H-hour
(MSL) Dir Sp--
feet degrees mph

Surface 06o 13
241 070 14
482 070 14
723 070 16
964- o80 16

NOTE: Wind data was taken by the Eniwetok weather station.

1.08
SCALE

0 .5 1.0 1.5 2.0
miles

Rise rate: 5000ft/hr

0.60

0.3601

S
H-Hour

Figure 176. Hodograph for Operation HARMI'ACK I - Quince.
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OPETATION ARIYXACGK I - Orange

PPG Time GMT Sponsor: DOD
DXTE: 11 Aug 1958 iiu158
TI•E': 2330 1030 SITE: PPG - JohnsLon

160 21' 30" N
1.690 321 08" E

HEIGHT OF BURST: 1i4, 1000

TyPE OF BUrRL. AND P!ACP•,IT:
High altitude burst from
vicinity of Johuston Island.

CLOUD TOP IEEIGIIT: MHA
CLOUD BOTJOM I..]IGIiT: NM

I1JT•WWS: No local fallout.

311
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] ~ ~ ~ ~~ ~ ~ ~~~~.... • ,•:f•l.... t ',•,.•.,..4•

7,t

OIMIM.TION IMRDTACK I - Fig

PPG Time GMT Sponder: UCRL -OD

DATE: "8 A.ug 193 ].8 A, 19518
TIME: 16OO o40oo ITE: I'PG - Eniwetok

Yvonne
110 33' 15" N

1620 21' 2h" E
Site elevation: Sea level

HEIGHT OF BUROT: 1 .5 ft

TYPE OF BURST AND PIACF1,11Irr:1M
Surfare burst Vrom platform
over Nevada ooil

CLOUD TOP _5)4T00.: 5, q'XO ft MSL
ClOUD FBOT'IMN1 111";IcG~: 4 -.00 ft MSL

REMARKS:
The dose-rate contours were obtained by ground survey readings made by

scientific projects. Actual decay meriurements were used to correct
the dose-rate readings to 11+1 hour. The portion of the pattern on the
island is reliable. That portion which I-s over water is less reliable

because it was not based upon free-fi-21d dose-rate readinglz but uponaluhinmaefo rcad~ng~s taken un five barg~es and from samples

Scollected in sticky patis mounted on 87 buoys.

312
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4iFigure 17 7. Operition HA.DTAICK I - Fig.
On-site dose rate contours in r/hr at H+l hour.
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TABLE 66 ~~NJWI'WOK WIND LATA MRI 0!rFATI0N 11AnRMACK 1I

2~~~~ '-1iftudo a IMnu thour _____

0 - 10000 080 17 -
1,000 - 2,000 090 .L9

200 N O 100 1898
3),000 - 5000 101
4)0()0 506000 100 18

6,ooo 'r )tO0 090 18
000 9,000 090 21

1,000 9)000o 090) 22)1

Yvornn laundii (hmiw~t.,kk Atoll)j whh'h woro looatud
1,000 yduL wmd 1),j00 yd(I Vrom (D".

2s Tlht? auiU'acBi u~iv pv)Vtjuv wim' 1hI b. 6P ptiI , th'i teimpnrituri,,
30(, C, th" 111nw ])oli t, 1111~,tId tho 2-fili(Ail ivthumaidty ty',v.

V*
fS

mil 11414 p0 W Pl

Figuu 19, odornphforOpeatin HADTAK IFig



OP1MTION A1RGUO~* ARGUS I

IATI'h 27 Aug V)56 02' Aug Bponor Td
M1h 0.o0 . 0228 SITE: fiouth AtuIt~tio

380- 48' oJ

Ifl"IG1fl, 07" BRIiT'. 3013 miles

Tirfl0 to t'rid mLLxi~murIof NM TYPE OF~ rPurMS AND) PTA1''11iWN'
IRadiuii at 2nid vru.xirum: NM -10 jtuc1uu

No Vulluut.
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01~11ATION ARGOUS ARGUS I I

Loca Time w Sponaort. DOD43

ID',I~1P O nBUIPT: 300 miles

Time to Pdtxiun NMTYPEF OF~ BU(YR11 AND) J'IA(h20f;NT,.

1Hadiu&; at 2znd T~troixilmu NM High &aULtud un I
CLOtfl) TO01' 1,0auitirN IN

RIMA110 1: No C(u.I.1(Av
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i l .. . ..... ........ ..... ............... ............... . . .. . . _

OPPXATION AIRGUS - ARGUS I II

Local. time GMT Sponsor: DOD
DATE' 30P 1T&91 6 If•p 1958
TMN': 2113 2213 SITE: South Atlantic

-" 490 30' S
TOTAL YII13,D: 1-2 kt ostimated 10O 24' W

HEIGMr OF B131MOT: - 300 milesFIRNMALTII DATA :
Time to oit minimum: NM TYPE 01F BUIET AND PIACI, .Mr,:
Time to 2nd maximum: NM High altitude burst
Radius at 2nd maximum: NM

RI1AIMSI: No I'allout COIUD TOP IrEIMlrr: 104
CIO!UD BOT'ITOM M-1 IG: NM

3181
i
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OPERATION DOMMNIC Adobe

I OCT GMT 6SPO_.._: LAIL
DATE: 25 Apr ?,962 25 Apr 1962
TIM-- 0545 1545 U -SITE: Christmas Island, GZ-10

SITE ELEVATION: Sea Level

TYPE OF BURST AN!!' 'LACEMIE-NT:
Air (free fall), over
Pacif 4 .c Ocean

OPERATION DUIMUNIC - AzLec

LOCr GMt SPONSOR: LASL

DAr. Y27 Apr 1.962 27 Apr 1962
TIME: 0601 1601 SITE: Christmas Island, GZ--10

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AiD PLACEMENT:
Air (freu fall), over Pacific
Oce ait

OPERATION DOMINIC - Atkansas

LOC'r CMT SPONSOR: LRL
D/rE_: 2 May 1962 2 May 1962
TIME: 0801 1801 SITE: Christmas Island, GZ-15

SITE. EILEVATION: Sea Level.

HEIGlHT OF BURST:

TYPE OF BURST AND PLACEMEINT:
Air (pnrachiuc drop),ovcr
Pacific Ocean

310liii..............



O(PEI(ATION DOMINIC- Quosta

S1,~OCT Glf'SPONSOR: LASL
DATE: 4 May 1962 4 May 1962

TIME' 0904 1904 SITE: Christmaa Island, GZ-15

SITE ELEVATION: Sea Level

HEIGHTcr OF BURST:

TYPE OF BURI'r AND PLACEMENT:
Air (free fnll)j over
Pacific Ocean

OPERATION DOMINIC- Frigate
bird

LOCT GM11-. SPONSOR: LRL
DATE: 6 May 1962 6 May 1962
TIME: 1330 2330 SITE: Johnston Island danger area

4° 50' N
1490 49' W

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air, frum Polaris mLs~ile

OPERATION DOMINIC- Yukon

] OCT _.3. SPONSOR: LRL
DATE: 8 May 1962 8 May 1962
TrIME: 0801 1801 SITE: Christmas Island, OZ-1O

SITE ELEVATION: Sea Level

HEIGI~r OF BURST:

TYPE OF 1BURST ANI) PLACEMENT:
Air (parachute diop), over
Pacific Ocean

320



f OPERATION DOMINIC - Mesilla

LOCT GMT SPONSOR: LASL
DATE: 9 May 1962 9 May 1962
TIME•: 0701 1701 SITE: Christmas lsland, GZ-1O

SITE ELEVATION: Sea Level

HEI•HTLOF BURST:

TYPE OF flUEST AND PLACEMENT:
Air (free fall), over
Pacific Ocean

OPERATION DOMINIC - Muskegon

LOCT GMT
DATE: 11 May 1962 11 May 1962 SPONSOR: LRL
2TIMI,: 0537 1537 ~EEAIN e ee

SITE: Christmas Island, GZ-1O

SITE ELEVATION: Sea Level :

HEIGHT OF BURST:

TYPE OF BURST AND PLAWIENNT:
Air (parachute drop), over
Pacific Ocean "

OPERATION DOMINIC - Sword
Fish

PST GMT SPONSOR: DOD
DATE: 11 May 1962 11 May 1962
TIME: 1202 2002 SITE: -400 miles west of San Diego

310 14.7' * 0.3' N
1240 13.3' " 0.3' W

SITE ELEVATION: Sea Level

DEPTH OF BURST:

WATER DEPTH: 17,100 ft

TYPE OF BURST AND PLACEMENT:
Underwater, from anti-
submarine rocket

REMARKS:

Figure 180 illustrates the growth and movement of the pool of radio-
octivity resulting from the Sword Fish test. The contours from D-day
to D+6 days represent readings in tR/hr at 500 feet above the water surface.
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D DAY r•. 14.4
1.0

1 ,0 I

D+ I ,D.o

0.1

0.1

0.01

D DDA DAYS 02

/0.1
4/ 0.01

D + 3 DAYS S i= '•

D ÷ 4DAYS 011

~D + 4 DAYS

D6 DAYS

miles

F4 curce 180 OPERATION DOMINIC - Sword Finh contours
showinig growth and movement of the pool of rudio-
nctivity from D-day to D46 cInys. Contours values in
,m/hr nt the survey aircraft height of 500 feet
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OPERATION DOMINIC - Encino

LOCT GMT S o_•sr: LASL
DATE: 12 May 1962 1.2 May 1962
TIME: 0702 1702 SIT: Christmas Island, GZ-12

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (free fall)! over
Pacific Ocean

OPERATION DOMINIC- Swanee

LOCT GMT SPONSOR: LRL
DATE: 14 May 1962 14 May 1962
TTIM: 0521 1521 SITE; Christmas Island, GZ--1O

SITE ELEVATION: "Ica Level

HEIGHT O BURST:

TY;E OF BURST ANT) PLACEmENT:
Air (parachute (drop),
over Pacific Ocean

OPERATION DOMINIC - Chetco

LOCT GMT SPONSOR: LRL
DA'TE: 19 May 1962 19 May 1962
TIME: 0536 1536 SITE: Christmas Island, GZ-1O

SITE ELEVATION: Sea Level

HEIGirT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (parachute drop), over
Pacific Ocean

323
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OPERATION DOMINIC -Tanana

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

LOCT GMT
!LALE : 25 May 1962 25 May 1962LR
T]NLE: 0608 1608 SITE: Christmas Island, GZ-10

k ~SITE ELEVATION: Sea Level ~

HUHT OF BURST:

TYEOF BURS'J' AND PLACMENT:
Air (parachute drop), over
Pacific Ocean

OPERATION DOMINIC -N ambe

T"I:C GMlT SPONSOR: LASL Ilnd GZ1
PATEL: 27 May 1962 27 May 1962

TIE 0702 1702 SITE: ChristmasIsadGZ1

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (free fall), over
Pacific Ocean

OPERATION DOMINIC -Alma

LASL•

LOCT GMTl SPONSOR: LS
DATE: 8 Jun 1962 8 Jun 1962
TIME: 0702 1702 SITE: Christmas Island, GZ-15

SITE ELEVATDON: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (pr2achuter

Pacific Ocean

bPP\INDMNC ab ;

LOCTGMT PONSR: L3L24



I£ OPERATION DOMINIC -Truckee

rLOCT ._G.MTr SPONSOR: LR],

DATE: 9 Jun 1962 9 Jun 1962
TIME: 0537 1.537 SITE: Christnas Island, GZ-10

SITE ELEVATION: Sea Level

B|EIGHT OF" BURIST.-

ofYPE OF BURST AND PLACHWN'T:

Air (.•larchute drop), ol 3r
Pacific Ocean

OPERATION DOMINIC Y0so

LOCT GMT SrONSOR" LASL
IDATE: 10 Jun 1962 10 Jun 1962
TIME: 0601 1601 SITE: Christmas Island, GZ-20

SITE ELEVATION: Sen Level

111lGIVT OF BURST.

TYPE OF BUH'T AND PLACEMENT:
Air (free fai.i),cover
Pacific. Ocean

OPERATION DOMINIC- Harlem

LOCT GMT SPONSOR: LRL
DATE: 12 Jun 1962 12 Jun 1962
TIME: 0537 1537 SITE: Christmas Island, GZ-17

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (parachute drop) over
Pacific Ocean

i'C
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OPERATION DOMWNIC - Rinconada

LOCT GMT SPONSOR: LASL

DATE: 15 Jun 1962 15 Jun 1962
TIME: 0600 1600 SITTE: Christmas Island, CZ-17

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (free fall), over
Pacific Ocean

OPERATION DOMINIC - Dulce

LOCT CMT SPONSOR : LAST,
DATE: 17 Jun 1962 17 Jun 1962

TIME: 0600 1600 STTE: Christmas Island, GZ-lO

SITE ELEVATION: Sea Level

HIiEGHuT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (free fall), over

Pacific Ocean

OPERATION DOMINIC - Fetit

LOCT GMT SPONSOR: LRL
DATE: 1.9 Jun 1962 19 Jun 1962
TIME: 0501 1501 SITE: Christmas Island, GZ-17

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (parachute drop), over
Paecific Ocean
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017'1~AT1'0N DOMINIC -Otuvil

DATTE: PP Jun~ 1962' 20? 1'r 196
T..4iT::: 0600 1.600 8J'IM,: Chrilntinas Islanzd, OZ-10

SM ITEEVATION: Seai Loval

INCOHI0J 011' BURM}T:

TYPH 010 B13U1Y1V AM.D PLACIPMrNT,:

Pa~cific OcoIJnf

OIMMATI0N DOMIN IC-13ior

DA1th': 27 Jun 1902, 271 Jun 3.962-
TINT:iI: 05.19 1519 81ItE Cliriutrnzt Il].Lrnd, GOZ-30

BITIP PLIOVATION: Sea. Lowvi1

T1EOF 1311M.111. AND PLACjvjPN'f.

Pacific Ocoan

O1EMATION DOM~INIC - lluestonu

1,00T c1~r SIAONFR: LTRL
DATEf!: JFy 30 Ju n 1969 J J ? 17
'P1Nf' 0521 1521 SITTE: Chirstpno Isalmnl, GIZ..'25

S BIT UNL~ATI0N: Goat. Isovol -

HEIGirr OFl HURST:

TYPE Or, BURST AND PLACE-NENT:I
Air (puntzThiut r(Iop-, ovcr

S327 Pa~cific Ocoanr



OPE~RATION I ')XLNIC Star IVish Primo

DIj AT,18Jul 1962 9 Jul 1962
T2LlceW 2200 0900 L01JI ~Johnn tonl Tf~and

YH~1~J:1.4166 20' 06.32" 1 ]
TOTA, YILN 14 Mt1690 37' 48.27' W

ILHIJOIrP *.210~hT 249 tu't lo

1111'~01~ iIUR1J'I' ANI) n 'P h

This uvonL wais conducted Ao A piart of tiw Itigh Iluwi Barium.

01VIRATJON DOM*INIC - sunout

1~OT (M'I' SPONIHORt LAHLT
L)LI[-,: 10 Jul 1962 10 Jul 1962
ILMM,ý 06313 1633 HIi:Chvhitmum Ilan md, cPA-1?

R.L 3, 'iI- JAVATI'ON : Sona Lu ye

TYP)j~FBUR14 ANl IA~,~'

Air (froo fall), ovar
Pa~cific OC0411
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11 Jul 1962 11 jul, 19M.

I US ( L'. LL 0) -1 W Li

011Y. T 104JILN DOMINICU Androucuggini

r B'I1 2 (At~ 19)(i! 2 00i 19621
LEIit: m 17 161V J

LyJi-j pqIh sts Lu voi I

Ai r (pisrnolutuu drop) , vu r
Val fie 0Cla

011I(RATLWN D)OMINIC *B !hmping

1',~ 6 Oct 1962 6 Oo" V.)tj7 2I ' John'i ' oll lu I nd
M." F1 0 52 1602. 140 30' N

.L~. 168'0 15' w

* A 1I'llriftv Occ'n1r

if A ~ (i~u~diulc dr329



OPE AIO, Nr~l DOMINIC . l•m

IW'UJ.'& 18 Oct, 1962 111 Oct 19f62
=x 0501 1601 • 1 Johnntoo 11and14v 32' N

108* 44.7' W

JIT~V UPWA IO,4 Sea Laval

I110111!! Olt ( I M lURSIT'I'

Aii (Cr) u allT ), ovor Pacific

0 Ou an

OPEIRATION DOMINIC - Chock Mato

L1 ýN h' Lt0N0 DOD

Wl,119Ot1902 20 OvL 19)62 -

.1:,, 2130 0830 LTlrl,, Johnston Ile~and
1h° 04' 20,57" N

16'9 36' 35.95"1 W

$1 ~ ~ ~ S ~ ~Ž'~ a La ve 1

MH I111. (U I 0)" B UMI"'1'

V•P, Oi, H ký1 ' M 1) P1,A CI F',MIfN'T r
I"ip' h ;dtLu, from XM-23
8try'pi. (.SerL~oant) mi.uslol

R1HMARK8:

This avent wm condicated no a part of tho Fish Bowl SBorito.
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OPHRATION DOMI.NIC - Blue Gill Triple Prime

G.. . MT.. SPON~O•I"t: DOD
L)_ATE 25 MLt 1962 26 Oct 1962TIM_1: 2259 0959 SITE Jnlniston Isiland

1.6* 24' 57.03" N
1690 36' 1.1.15" W I

SIT 8),, LAIlION: Sea Level

EICHT OI BURST.

High nltiLtudu, from Thor f.ti.4sJ le

RIEMARKti i

This event was conducted as part of tbeo Fish Bowl Serius.

OPM;KATION DOMINIC - Calamity

L(•T OCMP' SPONWIR: LRL.
I)AI: 2!,! ct 1T962 27 Oct1962

'rIMR,: 0446 1546 SI.Ti Johinuton 1al1nd
14' 31.1' N

168' 15.6' 14

SITE ELEVATION: Saa 7,evel

IIEIGIIT OF BURST:

TYPE OF JIURST AND IJIACI.MENT:
Air (parachutr drop), over
Pacific Ocean
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OPERIATION DOMI.iU.C- Housatonic

SPONSOR: LRL
LOCT GMT

DATE.: 30 Oct 1962 30 Oct 1962 SITE: Johnston Island
TJI M: 0501 1601 130 36.8' N

1720 13' W

SITE ELEVATION; Soa Level

HEIGIIT OF BURST:

TYPE OF BURST AND PLACYTMNT:T
Air (iarnchute drop), over

Pacific Ocean

OPERATI.ON DI•IlNIC - King Fish

LOc'r GWI' SPONSOR: DOD
DATE: 1 Nov 1.962 1 Nov 1962
TIME: 0110 1210 SITE: Johnston Islrt.d

160 06' 48.61" N
169" 40' 56.02" W

SITE ELEVATION: Sea Level

]|EIGHT OF BURST:

TYPE OF BURST AND PLArEIMENT:
High altitude, from Thor
missile

REMAR{KS

This evunt wag conducted as a part of the Fish Bowl Series.
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....... ....... MW~

OPERATION DOMINIC - Tight Rope

LOCT GMT SPONSOR: DOD
DATE: 3 Nov 1962 4 Nov 1962
TIME,. 2030 0730 SITH: Jeins ton Islaited

160 42' 26.71" N
1690 32' 32.66" W

S1'' EILIVATION' 8cn Level.

I]1FIGHT OF AURST:

TYPMi OF BURS AND PLACEMENT:
High alti Lude, f rom rqiki-
Hercules Missile

REMA1•[(S.

'Ibis event ce conducted as a part. of the Fish Bowl Series.
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APPENDIX A

Announced United States Nuclear Detonations

Yields are listed as: Low (less than 20 kt)
Intermediate (20 to 999 kt inclusive)
Low Megaton (one to several megatons).

Prior to October 1958, testing was conducted on an intermittent
basis and each series of tests was designated by a series name, such
as OPERATION CROSSROADS. The United States conducted no tests from
October 30, 1958 to September 1961. After resumption of testing, tests
were conducted year around and were listed by fiscal year. For example,
all NTS tests during FY-1962, which ended June 30, 1962, were in the
OPERATION NOUGAT series except for four surface tests (Little Feller r
and II, Small Boy and Johnny Boy) designated DOMINIC II, which were a
continuation of the DOMINIC I series conducted in the Pacific.
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